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the process of erosion, and examines factors related to this process.
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‘ .,,. ‘The materials and their preparattion, 1f any, are descrfﬁed 'in detail 'a'{ ,tk:e
. \ beginning of each lesson emou{'l,ts are based on a classroom*of thirty .
;. children. : . : .
’./ ‘total number S R - - lés'sons in
. . required to . X item o which item
. teach pnit - . © _is.used
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Darling,“Lois and Louis, Bird, ‘Houéhtém - o
| : Mifflin, 1962 . / 7
" h : Goldin, Augusta R., Ducks Don't Get Wet,

! ' Crowell, 1965 . y 7
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. . World-Book, Vol, 2, Birds (s€e éspegially . & .
°  the sections "'How Birds Fly," afd . y
- "Wings in Flight") . : 7 e
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. . : -INTRODUGCTION - . -

~
“

4 2 .

This findl unit of the MINNEMAST K - Grade 3 curriculum
applies the systems concept to the study of three natural -
phenomena. . . v ’

1) The children study the locomotion systems of land, water
“and air—borne animals. .
2) They explore a plant's watet carrying system and test vari- .
ouc plant parts to see what role they play in the system.

- . ‘ 3) They eXperiment with a model of an erosion system and

1nvest1gate the 1nterre1at1onsh1ps of soil type, ground slope
~ and water flow Ihey vary each of these conditions. and ob—

' serve the effects.\ ) * t
H
- C Different techniques-are required for the study of each system.
When the children work with plants they can plan controlled .
experiments, When they work with animals their activities are °
mostly observation and analysis. Théy observe the erosion
system innature, and them build a model in the classroom with
which they can experiment. The systems concept,-a thread
: . ’ that has run through many MINNEMAST units, ties together the
- study of these three systems.

> . THE SYSTEMS CONCEPT ’ ) tT |
L] . ' Ly
, A scientist is concerned with gathering information about the
. way things happen and with organizmg his observations so
that-they will be meaningful and useful. In order to do thi\s,
he must narrow his field of 1nvest1gation and select a manage- , |
able portion to investigaté. To study a phenomenon he fo-
cuses his ‘attention on a limited set of obJects involved in . - -
. that phenomenon. , This set of objects and the relationships
' that exist among them is the system he observes and tests.

- ﬁ It is this approach to an investigation that MINNEMAST has "
developed in its systems thread. Situations are provided in "
- . which the ch1ldren‘ ¢

-
t .. ‘.

/ ) . .1) Select relevant elements to observe.
VA N * -, .

/' * ’ " "') . ’ bl
) / . 12 ‘ :
| , .




2) Explore relationships among these elements.

It
3

3) Ver}ify the relationships by testing.

The following summary indicates how the systems thread runs
through the MINNEMAST program,

Unit 15, Investigatir_lg Systems

5]

The systems investigated and the experimental methods used

are very~simple. The main method of investigation is to ob-
serve'a phenomenon, think about what cbjects are involved in

s producing it, and then remove one object at a time from the,
) . system to fmd out which are necessary for the phenomenon to -
. occur. There are no efforts to quantify eXpenments T s
L4 - b _/ .
, Unit 19, Comparing Changes , .

In Unit 19 a quantitative treatment of systems is introduced.
' The children discover and describe the relation between differ-
) ent elements of a system, such as the helght of a corn plant
. and its age. The changes in these two quantltatlve properties
- ) . of the system's elements have a functional relation — that is,
' as one changes the other changes. As the days pass, the .
corn plant grows. The children explore functional relatibns \
. in several different systems. ' :

N —Unit=23Conditions-Affecting-Life . - S

» - \ B . .

Here theré is more emphasis orn systems found in nature. The
' childrén set up controllea experiments in which they vary a
-certain condition (hght temperature or moisture) while keep-
ing the others constant. Thus they ¢an see how each of the
conditions affects living things. A general method emerges,
- N that of narrowing down to a suitable system of a manageable
51ze the study of which can reveal the answers being sought.

.

“ 4 'Unit 29, Natural Sysfems - L

e
This unit rounds out the work with systems. The children ob-
< b serve three natural systems by making detailed analyses of
N ~ how they work, In each case the children generalize from
their classroofn experiences. In the locomotior system they

x




. O
consider what elements are common to all the animals they
study and what might also be in common with other things that
move, such as cars, boats and airplanes® In the plant and
erosion systems they use the information they have discovered
to think about what plants are best suited for different environ-
ments and about how man can controi erosion. Thus they use
the systems goncept to study three general classes of natural
phenomena. This suggests how the syctems notion is used in
/\ scientific investigation. -

ogﬁ"cmvss ' .

Specific objectives are provided with each lesson. The intro-
ductions to each section give more generalized objectives, as
they apply to the systems being studied. Only a few general
objectives for the uni_t are listed here.

2o

As they do the work outlined in this unit, the children should:

— Use the systems concept as an aid in studying natural
phenomena by focusing their attention on just one portion
of a complex system. (For example, the locomotion system

is just one aspect of the larger system, the whole animal.)
* - A

— Examine a phenomenon to decide what the relevant vari-
ables in the gystem are, and then control and change some
cf those variables and compare and describe the outcome.

- "_Recognize that there can be many ways of looking at the
same system and accept a varlety of opinions and-ideas:

— Distinguish between speculations and conclusions, based
on experimentation.

» .

NOTES ON TEAGHING THIS UNIT

., The lessons and experiments included have been tested in
classrooms and can be relied upon to give children particular
learning experiences. Additional activities designed by the
children should be inserted where they are appropriate.

Many times in this unit it is recommend'ed that you encourage
- the children to participaté in suggesting and designing experi-
ments. This degree of involvement can capture genuine inter-
.est and help the students to formulate ideas about what are

- R 'L7

.
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appropriate questions tc examine through sciemific investiga-
» tion and what are appropriate means for doing this.

As you read through the unit in preparing to teach it you should
. decide at what points-you will give the children freedom to in-
i corporate their own ideas, so that the activities will be nicely
balanced between experiments that cre teacher-originated and
those that are student-originated.

PREPARATION

The films recommended in this unit are an important part of
the lessons. Order them from your regular audio-visual

Cs sources well ahead of time. The chart below tells approxi-
mately when you will need them. Each time we recommend a
film we give at least one alternative. They are dissimilar
enough so that if two are available, you should show them
both. In the chart numbers refer to lessons; letters refer to

’ films.
< : Monday Tuésday Wednensday Thursday Friday
Week | | I: A,B 2 3 3 4
- | Week 2 5 6: C,D | 7: E,F 7 .8
Weeki; I 9 10 B ¥
_ . _ Weekd | 12| 13 | » 13~ 14 14
* Week S 16 17 '8 19
»
Week 6 19 20 ~ 2l 22

<

A. Animals, Ways They Move, Encyclopedia’ Britannica
Films, !6mm, 10 minutes, color (1)

B. How Animals Move, McGraw-Hill, 16mm, 10 minutes,
black and white. (1) . /

{ C. Looking at Fishes, Encyclopedia Britannica, -16mm,’
Il minutes, color*(6) . /

D. How Water Animals Move film loop,, super 8min., 4
minutes, color (6) -




e

v L

*

E. Looking at Birds, Encyclopedia Films, 16mm, color,
10 minutes (7)

-

<,
F. Seabirds, Form and Flight, film loop, super 8mm, color,
4 minutes (7) .

.

Most of the films are available for rental. Pﬂm loops must
be purchased, but if at all possible we recommend that you

use them, . = “

_In the locomotion section (Lesson 7) we give optional activi-

ties with a live or stuffed bird, dependent upodn your success
in obtaining one from your city zoo, museum, taxidx.rmists or
parents,

3 -
3

Several lessons call for living things that are not provided in
the kit. Goldfish (Lesson 6) can be purchased in a pet shop
or even a variety store, and coleus plants (Lesson 9) should
be available in the spring in variety stores, supermarkets or

‘greenhouses. See Living Things'in Fieldand Classroom for

more information on obtaining and caring for’ the fish and
plants . - . ' -

. -

Most lessons are*limited to one day's activities. When a

lesson is longer, this is mentioned in the introductory para-
" graphs. You can refer tc the chart on p. 4 for advance )
scheduling and preparation. - .

.
~ v ¢ -
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ANIMAL LOCOMOTION SYSTEMS

3 ' COMMENTARY . -

The different locomotion systems studied in this section have
at least three things in common: -

+ 1) All the an1mals move some parts of their bod1es to go

© forward. ) d

2) The body parts push against something — land, air or
water.

-

(<
Ly

The energy for moving comes from the food each animal
eats., o )

The decision of what should be included in a systém is often
an arbitrary one. In the locomotron system one Ggould look at -
the animal, decide which body parts are involved in its mov-
ing forward, and call that the locomotion system. Another
. way to look at the locomotion system would be to consider the
s, meving parts of the animal which push it forward, the part of
the. enyironament — land, water, air — against which the mov- o
ing parts push, and the energy the animal needs for moving,
in this case the energy that it gets from eatmg food. Both of
J : thcse approaches are developed here. - ’
- To study each animal locomotion system, the children will ob-
serve, describe and analyze the animal in motion. Wherever -
possible they will study live animals — goldfish, bugs, birds
——-—~—-— — . .. _andthemselves. Several films make it possible for them to
' watch other animals. Stop-motion diagrams help ‘them make a e
‘ detailed analys1s of how parts of a particular system move.

~

. ' The purpose of these lessons is not to accumulate information )
about how animals move. It is rather-to give the children ex- "\
perience in studving a complex phenomenon by applying the

systems approach. They analyze locomotion, see what parts

of the body are involved, and study each part to see how it

roves, Studying several apparently different locomotion sys—

tems (land, water and air-borne animals) gives the children

the additional opportunity, after considering each separately,

to discover what they all have ia common.

t 1 n A A
- 5 .
. 7




If the children are Tnterested and” you‘ar@“ablé‘tmke‘the—”m —
time, there are many ways in which these lessons can be ex-
tended. Encourage the children to continue investigations
after school. A few suggestions are made in the lessons;
vou and the children will think of others.

OBJECTIVES
By the end of this section the children should be able to:
- See that all locomotlon systems follow the same basic .

principle: all animals move forward by pushing with some
parts of their body against land, &ir or water.

— Identify food as the source of energy for locomotion of
animals.

- - See that different animals depend on different kinds of body
parts for getting themselves from one place to another.

— Describe the locomotion systems of people, dogs, fish and
birds after making direct observations.

) - Recognize b11atera1 symmetry as it appears in animals'
2 structure and in their locomotion patterns.

~. Deduce limited information from examination of traces
(footprints) left by a locomotion system that they do not
observe directly.

- — Describe similarities and differences among various me-
- chanical and living locomotion systems.




lesson |: HOW ANIMALS MOVE FROM PLACE TO PIACE

) The children.discuss different ways that animals move from ’
place to place. They should include animals that mo ‘e in

water, in air and on land. Then they discuss what should be
considered parts of the locomotion system of some cominon

animals. They also watch a film showing many kinds of ani-

mals walking, flying a'n% swimming.

Whenever it is appropriate in the discussion, tell the children.
that when we talk about animals moving from place to place we
are talking about their locomotion systems. Tell them that this
is easier to say than alwaygs to say "their systems for moving
from place to place, " and it means the same thing. If we take,
the word apart, -loco means place, and motion means moving.

MATERIALS

~

— films: Animals, Ways They Move, Encyclopedia Britannica
Films, I6mm, |0 minutes, color.

N
How Animals Move, McGraw-Hill 16mm, 10 minutes,
black and white. - N

OBJECTIVES
In the course of this lesson the children should:

— Observe and think about ways that different animals move.

— Tty to decide what should be considered parts of different
animals’' locomotion systems.

— See that the same body parts are not used by all animals
to- move forward.

— See that all animals move forward by pushing with some
part of their bodies against the land, water or air.

— Become prepared to look closely at locomotion systems of
living specimens to learn more about them in the following
lessons.




PROCEDURE
You will be using film and discussion in this lesson. We
describe the procedure for beginning with discussion, then
using the film as a source of information, and concluding with
more discussion. You may prefer to shovs} the film first, con-
cduct a discussion, and then show the film again to let the
children cﬁec}: on their ideas. When you preview the film you
will be able to decid€ which way of teaching the lesson is
appropriate for your class.

Every animal has some way to get from one place to another.
Have the children describe as many ways that animals move -
from place to place as they can think of. List on the board
all the ways they tell you.

Then ask them what kinds of animals move in these kinds of’
ways, and list the kinds of animals after each kind of motion.
You may have a list similar to this:

— Walk: People, dogs, cats, horses, birds, insects,
elephants, lizards.

— Run: All tae animals that walk.

~ Swim: People, fish, some birds, some four-footed
animals, soma insects.

— Tly: Birds, bats,
— Hop: Birds, squirrels, rabbits, people, kangaroos.
— Wiggle: Snakes, woirms.
— Leap: Horses, Langaroos, deer.
Ask the children if they think that cach of the animals that

they have mendoned has the same parts in its locomotion sys-
tem as every other animal they have.mentioned. Ask what they

- think are parts of the locomotion system in a dog, a bi 1, a

person, a sna}:‘e,‘and a fish. List their responses under each
animal. .

The children rhay add other animals to the list. Insects with
siw.legs and two or four wings are extremely intéresting.
Untit now, the children have becen depending on their memories




. and imaainatisn in this discussidon. They should havc oppor-
tunitics to observe as many kinds of animals moving as pos-

) sibhle. For this reason the next lesson includes a field trip.

To supplement this and to prepare for it we suggest that you

use a film, Animals, Ways They Move, or How Animals Move.

Before showing the film, discuss with the children what kinds
of things they are going to watch for particularly. (These
wikl depend on the kinds of things that were talked about
earlier.) Ask the children some of the following questions to
direct their observations when they watch the film.

HOW DO ANIMALS USE THEIR LEGS?

ARE THERE PARTS THAT ARE USED FOR LOCOMOTION BY
SOME ANIMALS AND NOT USED FOR LOCOMOTION BY
OTHERS? :

LS

DO THEY USE TAILS? DO ALL ANIMALS THAT HAVE TAILS
USE THEM IN THE SAME WAY? DO A FISH AND A DOG
USE THEIR TAILS THE SAME WAY?

Then show the film. After the children have seen the film,
have them look at their original lists of what should be
included in animal locomotion systems, and ask if they
would like to make any changes based on their observations.

in every locomotion system the animal pushes part or parts
of its body against something — against land or air or
water — to move itself forward. If the children do not
notice this, ask:

k WHY DO YOU MOVE FORWARD WHEN YOUR LEG
> MOVES BACK?

When the children recognize that their feet push backward
against the ground, you can ask what a bird pushes against’
(air) and a fish (water). At this point the children may

want to add the ground, air or water to each locomotior.
system they listed, since this is what the animal pushes
against. /' ‘

" Now the parts of the locomotion sy:stcms listed 'may include

o 1




body parts and what they push against. To lead the children
to recognize a third area to consider, ask them where animals
get the power or energy to move. They should realize that:
all animals need food for energy. This too can be included
as part of a locomotion system. )

(Remember that a system is arbitrary, and can be broad or
narrow according to the individual's choice. It is not
necessary to include all the above in every list of parts

of a locomotion system, but it helps one remember what all
locomotion systems have in common., This point will be
made in more detail at the end of this section.)

oo
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) ‘ Lesson 2: FIELD TRIP

On a field trip the children observe as many kinds of animals
) as possible, paying particular attention to their locomotion
systems and numbers of legs and wings. They discover that
the animals they find all have even numbers of limbs,

The children should be able to find enough insects and other
animals within the school yard aad a block of the school to
make their observations. Inspect the area beforehahd so that
you can anticipate what the children will find. The pictures
of field trip areas in the MINNEMAST handbook, Living Things
in Field and Classroom (pages 100-113) suggest places to

* look and give an idea of what might be found there,

This field trip relates the locomotion lessons to direct experi-
- | ence and offers the children opportunities to expand their
appreciation of their natural environment.

OBJECTIVES | DY
|

-

~

During this lesson the children should discover that:

— There are many kinds of animals to be found in ordinary
surroundings. '

— Animals have many different kinds of locomotion systems.

— Different animals have different numbers of parts in their
locomotion gsystems.

— All the animals they find will have either no legs at all or
even numbers of legs.

MATERIALS

-- for each pair of children --
~ pencil
— magnifier

— Worksheets | and 2

S
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PROCEDURE : )

Activity A

Befors the field trip have the children tear out Worksheet |
(two pages) and fold them in half to make their field trip
record booklets. . )

Introduce the field trip by asking the class what sort of ani-_
mals they would expect to find around the school grounds and
where each kind would be found. Recall the field trip in Unit
23, when they looked under rocks and boards. Where else
would they expect to find animals? -

p
Ugually it is po:sible to observe sofme birds , such as sparrows
or pigeons, “There may be squirrels, dogs or Gats within sight.
Many of the animals may be small, such as aphids and larvae
on bushes, grasshoppers or crickets in the grass, spiders or
ants in corners and crevices. '

Divide the class into pairs of children who will search together.
Assign a special area to each pair, The assigned places will
vary for each school yard, Possible areas include tree ‘trunks, -
bushes, plots of grass, sidewalk cracks, corners of buildings,

. X areas around downspouts, edges of fences, the sky, and- ™

" the sidewalks. ’ ‘




-,

Tell the children they are to look carefully !r any animals,
in¢luding insects, that may be around. They are'to cbserve
their locomotion, ‘count and record the number of legs and
wings, and draw a picture of each animal‘in their field trip
bobklets. They will need to use their magnifiers to study the
very small animals. Caution them not to touch spiders or
bees but to observe them quietly.
Tell the children that biologists studying animals are very -
quiet, work c¢lose.tofthe ground or the grass to find small ani-
mals, and work carefully with-the animals.
Have the children pair off and search their assigned area.
They are to record their observations, but class dlscuss1on

, should ‘wait until you are back in the classroom,

Activity B . ’ g

+ . When you return to the classroom let the ch1ldren report on
the animals they have observed. Probably there will not be a
great variety, so one child can supplement another's report.

_ At first ask the children to tell how the different animals
moved and what were parts of their locomotion systems. If
birds were observed, find out if the children think wings
should be part of the system. If so, what do they push a-
gainst? When animals walk, what do they push against? Es-
tablish the idea that in order to move, some part of an'animal's
body needs to push against something — the earth, thesair, or
in the case of swimming animals, the water.

Activity C

tnit 29

worksheet 2 \nimals  Lexs T ' Draw a number line on

i the board as it is shown
0 2 4 Ce . 4 on Worksheet 2. Keep

T | T el ants  spidecs | theunits long enough
) “C’(’: _ oht . .Wl‘ef@‘g *to allow room for writ-

;g“‘nws ) d:oc} /._-»'\ : ing. Have the children

‘ hevses . follow the first instruc-
cow? tion on the worksheet,

When they have finished

writing the names of the
write down the name of each animal you adw under the number that Ahows anima 1S they saw, call
how manw Tegs 1t had,

Thqu wrlu »foawn lht/nnwu ol the apimals your classmates saw, on .dlfferent Chlldren tO
what do vnu notice aboyt these 15sta? NO M\W‘.‘S WM OA«JW}NS

Do vou know of any anlmals with one lex? o

Do you knéw of any animals with three lesa? o
L]

bo n;\v animala have an odd humber of lexn? No

¥
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tell what animals they saw and how many legs each one had.
As they repoft, write the name of each animal under the num-
ber showing how many legs 1t has. Each child should add all
the animals to their own lists. Then ask about other animals -
the children know about, even though they didn't see them on
the field trip. '

Ask what they notice about the number line and the way the
animals' names are distributed on it. They should discover
that they have no animals listed under odd numbers (unless
someone saw an animal that had lost a leg). All the animals
listed have either an even number of legs or none at all., Ask
how these legs are arranged. (They are paired on .opposite y
sides of the body.)

Tell the children that almost all animals have some kind of
symmetry. Ask them to think about what kind of symmetry
can be found in the way the bodies of all these animals are
built. (They all exhibit bilateral or mirror symmetry.)

Ask,the children to discuss how having an even number of legs
helps the animals move efficiently. They might want to invent
imaginary animals with odd numbers of legs and think about
how they might move.

——

—
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5 ) Tesson 3:  HOW PEOPLE WALK

"

In the first lesson the children made general observations
about the locomotion of animals. In the second lesson they
observed living animals. In this lesson they look in greater
detail at the way one animal walks — a person. They find
out how knees, feet, arms and other parts of the body are

& : used in walking, and think about which of these should be
included in a walking system. They discover patterns in
locomotion, and compare walking and running.

This lesson will take two days, one for each activity.

OBJECTIVES . L - .
The children will: . Vs

— Identify the parts of a person's wélking system from direct,
observation and analysis of each’other's walking.

[N

Discover that people's walking and running patterns are ~
symmetrigal. )

-

MATERIALS

— crayons
£

— Worksheets 3 through 7 ’ ' -

Activity A

Have a child walk back and forth in front of the class where

the others will have a clear view of him. Then ask the chil-

dren what they think are the parts of his walking system.

Have the child continue walking and ask him to freeze (stop

moving) at intervals so that the children can note the posi- = -
tions of different parts of his body at different times when he

is walking.

a0
C.
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7ou might have the children focus their attention on just one
part of his bodv at a time so that they can see that it does
different things at different stages in the walking pattern.
For example, they might watch one knee to see how it bends
and straightens alternatelv. Then they might watch his foot
and see how sometimes just the toes touch the ground, some-

.times just the heel touches and sometimes the cntire foot is
on the ground.

The things the children'observe may include the fol.owing

. — The left and right legs alternate.

— The legs move forward, bending at the hips.
— The knees bend and straighten alternately.

— The body moves férward because the feet push back
against the ground.

— The feet have a heel-to-toe movement as they hit the
ground, rocL forward and then lift off the ground.

— The arms swing alternately, but opposite to the feet

The left arm goes forward with the right foot, and the
right arm with the left foot.

Ashk the children to talk about what should be included in the
walking system. It will be easy for them to agree that the
ground is what a person pushes against, and that he has to
have a source of power. There may be some disagreement
about which body parts are essential. To give the children
the opportunity to make closer gbservation of a person's

walking, have them work in pairs, following the directions -
on Worksheets 3, 4 and 5. ) ..

When they have completed the workshects, have tne children
discuss them. Ask how they decided which things were nec- \
essary in the walking system and which things were not nec-

essary. Allow several children to share their ideas and
methods of decision making. Then have them tell what they ‘
included in their lists and describe some of the things that

they observed. There will be variations in the lists. The \

children should give their reasons for including different 1
‘things 1n the walking system. Some will include arms, eyes,

and the trunk of the body. Others will chnosc to define the

system more narrowly and include only the lower limbs

I

i
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= it 3 parf er T WATCHERS HELLKD

Fird 1 open space ta walk where b Deracs cunt Mive

fit the body parts that vou think aee an the
freety +s1 the utter can watih him cusily,

wilking syvetem

You will Fonre 1 tufa tu he w walker nrsd 4 turn to he
2 walcher - '&C_'e"}‘ — .
3 - leqos
: - A €8s
: o I
] Y4 N
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Walk Mack 4 torth as the watcher tellw you.
13+t uther things that could be part of the svstem,
Freeze whert the watcher tells vou, w0 that he wan

nee whi h parts vou are using tu walk. " _h_-j;l,oo( .
< ®
Walk Ak aad turth at fesst stx times. _’-004/
IR
. N0 Sow Je these three things:
THE WANNEE- = I 1. Nave the walker walk back‘ and forth one ttme for
“nh part that 1s on vour 1lst. Watch just that
Noti e how e4ch port that the walker uses Boves when part.
Ye is walkirg torward
- 2 Then vross out any part on sour 1t«t that yvou
Does 1t berd or rot? ~ dectde <houldn®t be there.
Does 1t muve forward and backeard or stdewavs? 3. \dd any other parts that you thtnk are in the
What doex vk part of the walking svstem du? walking system.
workshert 5 "
toat 29 N e

THF WATCHER S RECORD o ot graed

. Choene ore part ol the widkiag svsdem to look at
pare s aretully.

) write the part vou chose here. ’%OO‘(’

Watch theé wilker walk bak and vorth several times.

A~k him to walk slowiy, to walk quickly, ad to ~top
wveral times sa that vou van see what the part
voy are wat htne does when he walks, *

Draw piaiures here showing what the part vou wat hed
Aot when someone walks,
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Acnivity B

It 15 difficult to watch someone walk and to observe exactly
what is happening, because so much is going on at once.
Worksheet 6 shows diagrams of the motion stopped or frozen
at different stages of the walking pattern. The children may
do the worksheet alone or in pairs. ’

When they have finished the worksheet ask them what they
have found out about walking patterns. To begin the discus-
sion you may ask questiops similar to the following:

HOW MANY STAGES OF A COMPLETE WALKING PATTERN ARE
SHOWN BEFORE THE PATTERN REPEATS? (Four, They are
described by the code letters B,R,B,L, meaning "both, .
right, both, left.")

WHICH STAGE OF'THE PATTERN DO YOU SEE MOSI FRE-
QUENTLY? (Both feet on the ground.)

Work<hecet &
fnit 29

Put an R upder the drawings where just the right foot louchc; the ground.
Pat an L under the drawings where Just the left foot touches the xround.
Put 2 B under the drawings where hoth feet touch the ground.

Put a red dot under the 1.
Find any other drawinks that are the same a9 1 and put red dots under them.
Lse red vrayon to vonnect the red dots with red curves.

Put a blue dot under the 2.
Find any other drawings that are 11ke 2. Put blue dots under them.
Unt Hlue «Tuvon ta coancct the blue dots with blue curves.

Pfut & groen dot under the 3.
Find any other drawings that are like 3. Put green dots under theam.
1ac green crayon to connect the xreen dotx with green curves.

The colored curves connecting similar figures on the worksheet
make repeating patterns, a form of symmetry that the children
have worked with in kindergarten and first grade MINNEMAST
units. They might want to color each figure, rather than just
the dots under them, to illustrate the symmetry of walking
‘patterns. *

S




workeheet 7
tnit 29 Nyoe

Put an R under the drawings where just the right foot touches the ground.
& Pt an L under the drawings where Just the left foot touches the sround.
Put a B under the drawings where both feet touch the ground.

Fut an N under the drawings where no feet touch the ground.

Put a red dot under the 1. .

Put red dots under any other drawings tnit zre like 1.
Lse red vrayon tc connect the red dots with red curves.

Put 3 blue dot under the 2.
put blue dots under other drawings that are like 2.
(ne blue vrayon to connect the blue dots with blue curves.

Put & &reen dot under the 3.
Put freen dots under other drawings that are li'z 3.
Lwe green craven to vonnect the green dots with green curves.

Have the children do a similar analysis of the running pattern
on Worksheet 7. .

Then ask them to compare what is similar and what is different -
about walking and running. If necessary, you may ask ques-
tions such as these: ’

ARE BOTH FEET EVER ON THE GROUND AT THE SAME TIME
WHEN A PERSON IS RUNNING? (No.)

ARE BOTH FEET EVER IN THE AIR AT THE SAME TIME WHEN
A PERSON IS RUNNING? (Yes.) -

ARE BOTH FEET EVER IN THE AIR AT THE SAME TIME WHEN
A PERSON IS WALKING? (No.)

DO THE HEELS EVER TQUCH THE GROUND WHEN A PERSON
IS RUNNING? (No.)

DO THE HEELS EVER TOUCH THE GROUND WHEN A PERSON
IS WALKING? (Yes.)

WHEN DOES THE RIGHT AR,M MOVE FORWARD? THE LEFT
ARM? (Alternate to the feet.) IS THIS THE SAME IN
WALKING AND RUNNING? (Yes )




Lesson 4: FOUR-LEGGED LOCOMOTION PATTERNS

The repeating patterns of locomotion of four-legged animals
are more complicated than two-legged patterns. The children
experiment to discover possible patterns of walking on four
legs and then discuss animals that they think might use such
patterns. They look at eight~stage stop-motion diagrams of
a dog's walking pattern and study the footprint patterns of
several four-legged animals.

OBJECTIVES
By the end of this lesson the children should be able to: ‘

. — Observe that the locomotion systems of four-legged ani-
mals include body parts that push against somethmg, and
something that they push against.

— Identify possible four-legged patterns and experiment
with them.

— See that all four-legged animals don't necessarily-use
similar walking patterns.

— See that the same animal can have‘more than one way of
walking. :

MATERIALS

-~ Worksheets 8 and 9

Activity A

Remind the class that they have seen that people walk with an
alternating right-left pattern. Ask how the children‘think four-
legged animals walk. Have a child get down on hands and feet
and demonstrate a possible four-legged pattern. Have other
children describe other possible patterns and demonstrate them.

As each new pattern is described draw it on the board or have
3 child draw it on the board in stick figures. Have the chil-
dren draw what they think the footprint pattern would be for
each four-legged style of walking, Then give a few children
at a time opportunities to try walking these ways, using the
diagrams on the hoard as quides. Some of the patterns will
be comfortable for the children and others will be awkward.

30




The following patterns will rrobably be among those suggested.

. Both front limhs move forward together, then both back
limbs move together. This is essentially a hopping form
of motion, with two limbs at a tinie moving through the
-air while the other two are on the ground. "

2. Right front and rea:mnbs move at the same time, then
left limbs.move at the same time.

3. Right reati and left front move at the same time, then
left rear and right front.
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Afzer trying some of the patterns, have the children cet ready

for a short discussion at their seats. Point to the diagrams ‘
sn the .board and ask what anir *ls the children can think of

that might use these patterns sometimes.

Activity B

Have :he children turn to Worksheets 8 and 9 and follow the
directions, working alone or in pairs.

When thev have finished the worksheets discuss th)em briefly

with your class. Have the children compare walking and run- .
ning patterns. They should look for similarities and for dif-

forences. Ask how many feet are usually on the ground at one

time for walking, and how many for running. Does the animal

sver have all his feet in the air when walking? When running?

s the distance between footprints greater in walking or in

running? -

Activity C

All the walking patterns that have been investigated have re-
peating symmetry. Ask the children to try to walk in a way
that does not have repeating symmetry. An example of this
might be three hops on the right foot, one step on the left,
one step on the right, two hops on the left — a continually
changing pattern. The children will observe that their usual
symmetric patterns are quicker, more comfortable, more effi-
cient and require less concentration. It is natural for them
and for other animals to move forward in a repeating pattern. |

v 25
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Iesson 5: MAKING DEDUCTIONS

Sometimes one can tellsthings about a system from indirect
evidence, even though one doesn't see any part of the system
itself. Footprints are evidence of a locomotion system that
has walked or run over soft ground. Here the children
make speculations based on indirect evidence. They have an
opportunity to distinguish between freewheeling guesses and
quesses that have a logical foundation.

b AY
Another aspect of this lesson is very important in science —
that is, that often evidence may be interpreted in several
ways, and the observer must keep an open mind until he is
able to make conclusive observations or experiments to sup-
port a particular interpretation.

OBJECTIVES

During this lesson the children should use what they learned
in the first four lessons of this section to:

-
— Interpret indirect evidence o_f a system that operated when
they were not observing it, d

— Recognize the limitations of indirect evidence that might
be interpreted more than one way.
MATERIALS
- Worksheets 10and 11

PROCEDURE

Tell the children that sometimes it is possible to get informa-
tion about a system without seeing the system at work. Ask
if they can think of any way that they might be able to tell
that an animal had passed by a certain place when the animal
itself was nowhere in sight..

f

+

If the children do not think of footnrints as possible evidence,
ask them if they know what kind of evidence Indians used to
help them decide if people or animals had passed by a certain
place. What kinds of things do they think that Indians could

S
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'l about an animal's locomotion system from observing his
footprints? Thé children may talk about: !
Y
— Identity of the person .or animal. Evidence could include
shape and number of féet, distance between footprints as
indication of size, depth of footprints as indication of

weight.

— Direction of movement, evidenced by which way toes
point. (Someone might suggest that this could be inter-
preted another way. The animal might have been walking
backwards.) .

— Speed. Evidence might include distance between foot-

prints ,‘depth of footprints, presence or absence of human
heel marks, pattern left by four-legged animal. ~

After the discussion have the children turn to Worksheets 10
and 11 aud follow the directions. When they have completed
the worksheets they may want to share their stories and

pictures, CoL .
[See worksheets on next page.]

After this discussion the children may enjoy knowing about a
fooiprint activity to do at home. They could take a pan of
water outside, wet their bare feet and make footprint patterns
on a dry sidewalk. One child could hide his eyes while the
other makes a pattern. Then the first child could try to tell”
how he did 1t. They can try walking slowly or quickly, for-
ward or backward, etc.
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Lesson 6: HOW ANIMALS SWIM

’ . : Except for the animals in the films , those that we have dis-

- cussed in most detail have legs as the most important parts of
their locomotjon systems. Here the children look in more de-
tail at ammals that swim. They observe a goldfish and note
the parts of its locomotion system, Then they see films about

- " fish, which w111 prov1de them with further experiences,and ob-

) servations. They also consider other animals that swim. This-
, . lesson is just an introduction and 1s not mtended to be a com-
prehensive study.

r

»

-

Determ‘i’ne the size of your groups by the number of goldfish °
you are able to provide.

- OBJECTIVES |
Through class discussion and individual ohservation, the chil-
dren should: ‘

—~ Agree on whatto call different parts of the fish's body .
. - Descnbe how dlfferent farts move when the fish swims.

~ See that fish move by pushing agamst the water with some
parts of their bodies. ‘ D .

— Observe that other animalg that swim use other parts of
their bodies to move forward in water.

MATERIALS

-= for each group --

v [

— goldfish in a plastlc shoe box '
(See Living Things in Field and Classroom p. 55, for
< notes on obtaining goldfish.) ' -

— straw . 3
: 3

—-- for the class -

’.ﬁ' — films: Looking at Fishes, Encyclopedia Brltanmca, 16mm,
) 11 minutes, color. ¢

How Water Animals Move, film loop, super 8'm‘m, 4 min-
utes, color.

— Worksheets 12 through 16

’
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<
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- &
FREPARATION
. N\/ . -
' P11l the plastic shoo Somnes with water at least 24 hours before

teaching this lesson in order to allow the tap watgr to lose its
chlerine and come to room temperature. The next day put a
fish 1nto each shoe box. -(See lLiving Things in Field and Class- '
rogm, pp. 26-28 and 55-56, for details on caring for the4ish
after the lesson is over.) !

.PROCEDURE

Activity A

" Begin by saying that we have looked at some animal locomotion

systems that have legs as parts of the system, and now we will

look at a goldfish to find out the parts of its locomotion system
and how i uses them.

‘Have the class turn to Workshéet 12, 'I‘ogetlier they should a-
gree on what to call each part o \the fish that is indicated.
Sone children may want to use techmcal terminology for
the dorsal, ventral and pectoral f:ns, and others may prefer
to sav "back fin," "bottom fin" and "front pair." The class
should agree on the terminology the majority is comiortable
with,. i

- 1

The purposes of this worksheet are: -

1) To decide on umform
labeling so that each

::.:_ child knows what the
rofilf&* 8E other is talking about.
- Tl S |
Eze - : 2} To draw attention to

the speéific parts of the

a
wth N
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Feoatpare of fins
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fish's body the children
should observe.

{ t
To qmdc the flllmg in
of thls worksheet, you
may want to use the
fallowing que?stions .
But the names do not
have to be the ones we




Tirst find the eye, mouth and gills and label them.
HOW MANY FINS DOES YOUR FISH HAVE? (7)
ARE I'HEY SINGLE OR IN PAIRS? (Both.)
WHAT IS THE BACK END CALLED? (The tail.)
IS THERE A FIN ON IT? (Yes.)
WHAT SHALL WE CALL IT? (The tail fin.)
WHAT IS THE TOP OF THE FISH CALLED? (The back.)
IS THERE A FIN ON IT? (Yes.)
WHAT SHALL WE CALL IT? ‘(The back fin.)
IS THERE A FIN ON THE UNDERSIDE OF THE TAIL? (Yes.)
WHAT SHALL WE CALL IT? (Bottom fin.)
WHERE IS ONE PAIR OF FINS? (In front.)
WHAT CAN WE CALL THEM? (Front pair.) -

iS THERE ANOTHER PAIR OF FINS? (Yes.)

ot
.

WIIAT SHALL WE CALL THEM? (Back pair.)

Depending upon the number of goldfish you have, the children

can work in pairs or fours, cither all at the same time or taking
turns. Give the children a fish in a container, and have them ™
follow the directions on Worksheet 13,

Group children who have reading difficulties with those who

read well, If you have casette equipment you may want to .
tape the questions on Worksheet 13 for some children to use

as a quide for individual observation.

t‘a

}:‘:
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P N Rork heet 13 toontinued? “

[ im o mmmeem - A ‘/“{’
b 5 Malih the Lisk san ™\
B . Fouk 1t the ~pngle fa ‘é\’ NN
._..._\4
”: - Q( Does the taxl 210 Tove a1l the time *
f‘# No
1 TR AN LTS € T R TRV TS I B When does the 1ish nove 1t til fan?
R N A a1 = . when (+ q0ee —{—o(wa‘rcl,:__"'
_ Yes . ) Describe the wiy the top [in moves .
DOother move whea the THif Lo ot w00 “‘ waved MSMF‘Q.{S .(‘g(’(‘& ld:‘::
Py YCS ues the bottom <intle fin move up und down or %ovl .
0 they alwave mov *ogethor from spde to <ide? l'ﬁol'k .
Ne N ) Do the-top and bottom fins move onuly when the
(X they 3ove up ad fowp, Trom sile to spde o Tish ds swioming? Mosf'lq. Smeﬁmes
M Both o : thay wove when the f;lzh s stil

se <
2 deek s tTe Tk 0P 01 L 4 " 4. Watih the fish start und ~top,
e they e ondy when the 1k Iy swtang? Shen the 11sh  takes off, what fins sre
\{QS working? Ta A and "Pfon'i' Pa;r )
Do they tlwas mowve toletber? When the ish <tops, what 1'm'~ are \mrl:lm:?
_res Ro irnnle SO Bul T nol Feont paiy
Desiribe the way thiry move Sure. What fins mote when the fish staye St111?
~ont o back Eront pa:r Rlso Sowmetimes

top and T ailfins.

.
(Y3

When the children work with a fish, if it is not swimming they
can gently encourage it by touching it very lightly near the
rail with a straw. If it is moving too quickly they will have to
do some other work for a while to give it time to calm down.

x -After all the children have observed the goldfish and filled in
" their worksheets the class should have a short discussion of
vhat they found out about the goldfish's locomotion sy'=tem. |
Worksheet 13 is intended simply to help the children make de- |
tailed observation of one part of the fish's body at a time.
. The discussion should bring out a few specific facts about how |
t_he flf.sb's locomotion system operates. Ask:

WY DOES THE FISH MOVE FORWARD WHEN IT MOVES ITS
TAIL FIN? (Because the tail fin pushes back against the
water,)

top and bottom fins and the paired fins help it kecp its
balance.)

HOW DOES THE FISH TURN? (The fish uses the paired

N30 steer, ) !
1,

WY DOESN'T THE FISH FALL OVER ON ITS SIDE? (The




Activity C

Show the suggested films. Have the childrea watch to compare
. the way therr goldfish swam with the ways that other fish swim.

Activity D

Worksheets 14, 15 and 16 show other animals swimming.
Worksheet 14 is designed to serve as the basis for class dis-
cussion. All the animals are swimming. To swim, each of
thew rushes against the water with some part of its body. The
parts they use are different. The fish uses its fins, the bird
and dog their feet, and the child his hands and feet. The
fish's body is best adapted for locomotion in water. It can

wim the fastest and for the.longest time. Birds that swim
have webbed feet. (Birds that do not have webbed feet can't
swimn because there is nothing for them to push against the
water with.)

worksheet 14
Lot 29
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What in the same about all these animals?

Whit s difterent?
What ape the properties of a gond wwis systen?

Whish ut these han the hesnt swim syeten?
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Does 4 stiake have fins? 8.2
T Dses g1t huve l'cel”_._..——N"
How doew 1t wwie? _1E
wiqqg(es
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Mark the parts oi this frog = swis sustem with an X

How Joes 1 dgck move
thoourh the water?

\:Qa&ues with

LLé_#{? ol

~— (3 L4 - . T N

-~ _— o~ .
Marh the prts o1 this perguin’s suwi=m «vstem with an X.
WPt Ritd ot onTal ixot ;!“Y'KUIN’_,B‘__?.L!-.‘%'.'_-_‘__. -

Worheheet 16
Intt 29

\ame

Can you draw something on this man
to help him swim faster?

How does the octopus move through the water?

[ <
shoats wutl® & ‘.et' o(‘- uJ)A-Er.‘

Why do you think they vall this Insect a water boatman?

His le?s are  {ike ocaxs.

On Wornsheets I5 and 16 have the children {ill in the answers
independently. Encourage them to write answers even if they
are not sure. Then discuss each question, These worksheets
are intended to stimulate discussion and speculation. Your
Ihbrary may have some books that will supply additional infor-
mation for children who want to follow the subject further.

PREFACE TO NEXT LESSON

/ERIC

/ ammm

Tell the children that tomorrow they are going to study the
flight system of birds, and on the way home from school today
they should watch birds to see how they fly, take off, and
land. If anyone has a pet bird at home he can make a more
detailed study and share his observations with the class.

b
<




.es30n 7: A BIRD'S FLIGHT SYSTEM

- S~ T W AtCTBIras In @ film and will consider what
parts of their bodies are part of their locomotion systems. The
film gives the children a chance to watch many kinds of birds
and to see them moving in slow motion. But a film cannot pro;
’ide the same excitement as a real bird can. Check to see if
sour local zoo sends personnel with live animals to the class-
roorn. Short of that, try to borrow.a stuffed bird from a museum
or a parent. The children will enjoy looking at the structure of
the feathers and the way they are arranged.

Soveral worksheets require the children to look in books for
information about birds. These will extend the activities be-
sond the scope of the lesson itself.

This lesson may take two days, -one for the film and discussion,
and one for optional activities.

. OBJECTIVES

During ‘thms lesson the childrpn should:

— Ohbserve birds in flight.
— Understand that flapping wings push against the air.
— ldentify parts of the locomotion system which may include
wings, tail, feet, eyes, ctc.
MATERIATS
-— for the class --

- films:
" yohang at RBirds, Encyclopedia Films, 16mm, color, 10

~anutes.,

Saabirds, Form and Flight, film loop, Super 8mm, color,

1 oranntes.,

~ Iive bird foptional)
— st :fed iard {optional)

— tov airplanc (optional)
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— reference books:

Blough, Glenn, Bird Watchers and Bird Feeders, Whittlesey
House, 1963. ) -

Darling, Lois and Louis, Bird, Houghton Mifflin, 1962.
(Teacher reference. See especially chapter on feathers,
pp. I'11-122, and chapter on flight, pp. 217-235.)

Goldin, Augusta R., Ducks Don't Get Wet, Crowell, 1965.

Goude, Alice E., Gray Wings, Scribner, 1964.

Zim, Herbert S., Owls, Morrgw, 1950,

World Book, vol. 2, Birds (See especially the sections

__ "How Birds Fly," and "Wings in Flight.")

~-~ for each child --
— feathers (contour and down)
— magnifier .

— Worksheets 17-19
PROCEDURE

Activity A

Ask the children what they observed on the way home from
school yesterday about how birds fly. Ask what they think
are the parts of a bird's locomotion system. Write their sug~
gestions on the board. Then tell them that you will show them
a film in which they will be able to see many different kinds
of birds flying. They will also be able to watch slow motion
flight to get more details. Suggest that they watch carefully
for some of these answers: )

WHAT DOES THE BIRD DO TO TAKE OFF? (Watch the feet.)
HOW DOES IT USE ITS WINGS?

_ WHAT PART OF,ITS BODY DOES IT USE TO CHANGE
DIRECTION?

HOW DOES IT LAND? WHAT PARTS OF ITS BODY DOES IT
USE? (Watch the tail and feet.)

Show the film. Then, after the film, hold a discussion. See
if some children want to make changes in the list of parts of
the bird's flight system they compiled earlier. Ask for rea-
sons for including each part on the list. :

f
L]

RO
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Activity B (optional)

1f you have been able to get a live bird or a stuffed bird, now
is the time to look at it. (If not, go on to Activity C.) Ask
the children to think about how the different parts are suited
to the jobs they do. Following are some things to observe:

1) The wings:
HOW FAR DO THE WINGS SPREAD?

COMPARE THE WING'S SHAPE TO THE TOY AIRPLANE WING.
(Both have rounded, thick leading edges and thin trailing
edges. The top surface is curved more than the bottom.)

2) The feet: Some birds have webbed feet, some do not.

WHAT CAN THE FEET TELL US ABOUT THE BIRD'S HABITS?
(Webbed feet help a bird swim or take off from water.
Clawed feet help a bird perch and take off from a Jbranch.)

3) The tail: Note its shape.

IN HOW MANY DIRECTIONS CAN THE TAIL MOVE? (Com-

pare it with the rudder and elevators on the toy airplane's

tail. The rudder steers the plane right and left, the ele-

vators quide it up and down. The tail can also be pointed

down sharply to help the bird brake when it wants to slow
" down and stop.)




Yorksheet 17
tnit 29 S Worksheet 17 trontinued}

{ i Does the down feather have hooks on fts barbs?
-~ tUse your smagnifier.} p Q.

Take a contour feather . [

Which kind of feather would be better for flying?
Sontouc
wy?__{t holls ﬁqaw«v to-push the 211,
Wik klnd uf feather can kccp a bird dry?
oy toa v
Which kind of feather would be better for keeping

the bird varm?___DO WA

Why? (& i¢ (fke l&'1-7: y a_n_ggt
Which kind of feathers would you expect to find on

the wings and tatl? dontowe.

Take » down feather.

Take a magrifter. {

Where would you expect to find down feathers?

Hoid the quill of the ontour feather tishtly. Aovectoge +v the birds ski. .
filow an the feather. see 1f you «an bhlow
cracks In 1t

0“6‘ ’
Now pull som harbs apart with your fingers. . (> ‘\
Yhat makes the barbs hold toxether so well? Look v o
at them throukh the mammiffer. ,“" If you have a real bird, look at ft,
“ow try to mend the crack again. (ould you do 1t? €3 e o } 1f you don't have a bird, look In
What J1d you sce along cach barb? ﬁ books to find out more about birds

’F\Y\‘:I hootke S. ”ﬁ/ and bird feathers.

Activity C (optional)

Set the materials for this activity on a table together with
reference books, and let those children who are interested do
it 1n their free time. Worksheet 17 is self-instructional.

The children should examine and play with the feathers freely.
They should discover how hard it is to break the surface of
the vane of a contour feather and how easy it is to repair it

by smoothing the barbs.- - — —

Activity D

Call attention to Worksheets 18 and 19. Tell the children to
write their ideas down first and then look them up. This is a
qood activity for small groups. Encourage the children to usc
the encyclopedia (especially World Book) and the reference
hooks.

40
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Activity E

If the children are interested in watching birds further, suggest

that they can go on their own field trips after school.

They

can sprinkle breadcruuiss to attract sparrows, starlings or
other birds native to your area.

Give the children tips on how to behave and what to look for
when they are bird watching. Remind them that birds' sight

and hearing are very keen, and the birds will fly away if the
children make sudden noises or quick movements. When the
birds do fly, the children should try to see how they move

the different parts of their bodies.

take off and land.

They should watch them

Worksheet 18
(nit 29 Name

Guess 1f you don't know these answers.
Then tell why you guessed the way you did.

Which bird can swim?

<
[t hae Webbed
feets

Which one runs the

fnal_g_;l?__
ke ostfich.
it hag the

fewsest \eas.

which do you think Is the beat flyer? Tke hawk—
»hy? {t Was the b.g.}est win%s :

worksheet 19 Name
Unit 29

Look={t-up Page

Guess first, then find out:

H

How high can birds fly?

G ST®

——

How fast can birds fly?

xmile

llow Jar can aome birds
fly without atopping?

owile  Gyles

2 muniyte 0 S‘\Oﬁ

[od wiles Joo0 mileg

Answer

ot
s n,.l g?m

1’{.&@‘0“&&

loo nwiles
on houw<

Aashes .
Nosih\ less
@ mile a inmy
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Lesson 8: COMPARING LOCOMOTION SYSTEMS

Locomotion systems may be considered in several ways. The
main attention in the lessons up to now has been focused on
the parts of different animals' bodies and how they help to
move the.animals forward. From another point of view, the
parts of the body make up just one subdivision of a locomotion
- system. The other subdivisions dre the source of energy that
make it possible for the body parts to move, and what they
push against in order to mov2 forward — the land, water or air.

animate and inanimate locomotion systems have in common.
In this lesson the children concentrate on comparing many
kinds of locomotion systems. They see that all animals have
the same source of energy — food. But machines have differ-
ent energy sources — gasoline, jet fuel, electricity, etc.

\ This way of looking at the locomotion.systems illustrates what

OBJECTIVES

:
-

During this lesson the children should bring together the in-
formation of the unit and make generalizations about locomo-
E tion systems. They should be able to:

) — State that all locomotion systems have parts that push ~
against something in order to move forward.

.

— Speculate on what those parts are in locomotion systems
they have not studied.

~ Tell what the parts push against in familiar systems and
speculate for unfamiliar ones.

— See that all animals depend on food for their energy source.
Some children may know that the more immediate source of
motive power is the muscles.

~ Speculate on what the energy source is for locomotion
systems they have not studied.

MATERIALS

-~ Worksheet 20




PROCEDURE

Ask the children what they can think of that is the same for

every locomotion system they have studied. Do not try to

elicit the specific answers discussed in the introductory para- °

graphs, but give the children opportunity to develop some of

their own generalizations. . .

Then ask the children to pame all the things they can think of
that have locomotion syst‘éms. If they do not get around to
mechanical systems suggest the category to them, but keep
the suggestions coming until it is clear that the children's
imaginations have been sent off in many directions. Then
have them turn to Worksheet 20 and work on it independently.
They may add other sheets of their own if they wish.

After the worksheet has been completed, give the children
opportunities to share their ideas.

Worksheet 20 ' .
tnit 29 Name -

Locomotion Syatems -- What s the same?
what is different?

. .o L o * [ H t(.t‘ 11 ENAT g :‘n ¥ o~t, —‘—::—:'Aszx'x" b
- . = W
¢ 1(' i § ?‘ @ R
At O [ - P @ .
\ — = @ ]
N RS —
car wheels the street gosoline '
~ i 1ets Hhee B1¢ Ruel
-fow\aoal' 03CS ] watec Ha vwa n who
R . (S xDWwin
abird . w'ww\\s : ouls foo i
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MPLANT'S WATER CARRYING SYSTEM

-

COMMENTARY
Most children know that plants need water to live. In this
section they. explore the most basic aspects of the plant's

* water carrying system. They learn that water enters the

plant from the soil through the roots, that there are tubes
that carry the water from the roots up the stems and into the
leaves, .and that water comes out of the leaves into the air in
the form of water vapor. They also learn that theré are many
different-looking roots, stems and leaves that may be adapted
to different environments.,

The upward movement of water through plaits is only partly
understood by botanists. They cannot ent1re1y explain the
tremendous pull that is necessary to carry water to the top “of

-7 a tall tree, but the pull is there. The water enters ‘the roots
through root hairs;, which are usually too small to be seen . ’
with the naked eye. It is pulled up through tubes that pass
through the stems and connect with the veins in the leaves.
The water is used by the plant in many ways. Some of it .
passes into the leaf tissue and through microscopic holes jin
the leaves called stomates. It gées into the air in the form
of water vapor. This stage, the passage of water from the

i leaf into the air, is called transpiration. The rate of trans= -

’ piration is affected by conditions of light, temperature,
, moisture and the structure of the leaf itself.

—

-

v
’ '

» " Through seyeral activities the ch11dren 1dent1fy the path that
water takes through plants. They observe that the water from
~ ~ the soil enters through the roots. Then they see that the stem
-+ has tubes through which the water passes from the roots into
the leaves.  They collect water vapor from .the air around the
leaves and conclude that water comes out of the plant through
the leaves. ’

e
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OBJECTIVES

\
As ;hey woirk with plants in this sei:tion the children should
be able to: \

— Identify wilting as an indication that the water carryir{g
system is not functioning properly.

— Help devise and carry out experiments with different parts
of the plant to find out if they are parts of the water
carrying system.

— Discuss the.system, drawing on evidence from their experi=
ments rather than relying on ursupported opinion.

- — Draw a diagram or describe the parts of a plant's water
carrying system, indicating the order of the parts and
their relationship to each other.

— Recognize that different plants take up water at different
- rates and that their water carrying systems vary.

— See that plant tissue consists of a large proportion of
water. '

A . -
.

— Learn that plants use water to make food. ,

NOTES ON TEACHING THIS SECTION
Before the children begin experimenting with plants it is
necessary for them to have an opportunity to talk about the
R ethics of using plants in this way. Some children are reluc-
tant to "hurt" plants. They should understand thauv plants do
not get hurt as animals do, but that we won't destroy any
more than we need to in the experiments. At least one plant
should be left after the experiments for th® class to enjoy.
| There should be a sense of balance between using. plants for
4 ‘ experimental purposes and enjoying them in other ways.

You will need four coleus plants for the experiments described
po here. Three of the plants may be small, but it would be help-
ful if one has some branches. They should be healthy, with
many leaves in proportion to the size 6f the plants. Each
should be in its own pot. The coleus is an inexpensive plant
that can be bought at florists, variety stores or supermarkets.
It comes 1n geveral color combinations besides the one shown
on the cover.
r
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Tesson 9: THE ROOTS : ’ \'

From their experiences in Unit 23 the children should be
aware that temperature, light and moisture influence plant
survival. They discuss these factors briefly, and then con-
sider moisture in more detail. They talk about the usual pro-
cedure for watering potted plants, that is, putting water on
the soil. Then they examine the plant parts that are urder
the surface of the soil, and set up experiments to find out if
roots play a part in the plant's getting water.

" One experiment is to cut the roots off a plant and see what
happens to the top. This plant is kept side by side with a
control, a plant with its roots intact. Both plants are kept
without water until both are wilted. Then they are watered.
The control revives quickly, but the rootless plant does not.

This activity demonstrates that a plant is able to survive
drought more easiiy if it has roots, and that the root is a
useful part of the plant's water carrving system. The experi-
ment does not show that plants must always have roots.

_The children are encouraged to suggest and set up other
experiments, but the one described above should be included,
because it is likely that some of the experiments suggested
by the children may seem to indicate that plants don't need
roots at all. (In trial teaching it was found that with some
plants if the roots were removed and the plant was, kept well
watered it did not show ill effects for the length of the test
geriod. This is because the children are usually wdrkmg with
extremely sturdy plants that are often selected as house plants
because they are able to survive adverse conditions. * Even
when neglected or deprived of suitable growing condltlons
they will not die as easily as many common outdoor plants )

-

This lesson may take several days and should be started on
Monday or Tuesday.

|t
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OBJECTIVES
B the end of the lesson the students should:

— Idontify roots as underground parts of the plant,

— See that a plant needs water and will wilt wher deprived
of it.

~ Reccognize that roots are a useful part of the plant's water
carrying system.

— Understand the role of the control in their experiments.

MATERIALS

— thrce potted coleus plants, approximately the same
size (at least 4")

— trav

— newspapers

= it 7L n2asin
Lovgn ¢

- knife

- +do-rnouthed jar
PROCEDURE

Antivier A ‘

Show the children the coleus plants and ask them what plants
need in order to survive. List their ideas on the board. The
List may include the following, kased on their experiences in
Unit 23:

- water
- liaght
~— the right temperature
Azn the ~hildren to tell briefly what their evidence is that.

ants ncod cach of the conditions they have mentioned. [lave
o

2
M talk about cupericnces that they have had with plants and

deseribe what results they observed when plants were deprived
S0 T v ronditions thes peeded,




w1 ldron have had an opportunity to share their
% them that for the nott fow days they will be doing

30 0 ocinoriments wiath plants and water.

o
v
TN
i
(

o
R

ol up a coleus plant and ask the children how they think it
1ots water. They can be oxpected to say that we put water on
she soil 1n the pot. Ask how they think the water gets into
the plant, since we don't put the water directly into the plant
Luton the soil. The discussion might revolve around ques-—

«1ons such as these:

‘oW DO YOU THINE THE PLAKT GETS WATER FROM THE
OIL> *

3 e

i
1 4

ARL THERS ANY PARTS OF THE PLANT TOUCHING THE SOIL
[HROUG!: WHICH THE WATER MIGHT GET INTO THE

PLANTY
A3k hovr we could find out what part of the plant is under the

soul. W ~ould look.)

~>!2 .5 plants. Have a child gently take the plant out of the
L8

e aoil from around the roots.

The child can put his hand
over the pot so that the
stem passes between his
firqers. Then he can in-
vert the pot and rap it
sharply on the edge of a
dosk so that the ball of
soil drops into his hand.
ffave a wastebashet or
newspaper underncath to
catch spills.




..

The child may wish to swish the roots n a basin of water to
wrash off the remaining soil and loosen the roots, enough for
ouseryation.

ttave all the children look carefully at and touch the roots.
(Either pass the plant around on a tray or have the children
file past it on a table or counter.)

“When the children return to their seats have then describe the
roots. Encourage them to look at the roots again if they wa .t
to check on the accuracy of their descriptions. (When you
have no further need for observing the roots, set the plant into
a jar of water and save it for the next day.) As the children
describe properties of the roots, list them on the board. For
example: ’ )

— The roots are long.
— Thev're thin.
— There are lots of roots.

— Thev have branches.

~ The branches are irregular. There is no symmetry to
the wavy they grow.

— They have mud on them.,

Ask the children if thev think that all plants have or need
roots. Then have them tell why. Their reasons for having
roots mighnt include to get water, to hold the plant up, to gtt
food, and to hold the plant in ane place. Reasons for not
nceding roots might refer to the fact that cut flowers can be
nept in water.

A-~copt the ideas offered, and then ask the children what they
thint would happen to the colcus plant they sce before them
if it didn't have roots. List their predictions on the board so
that vou can refer to them later.

— Tne plant would die.
— It would grovw new roots.
— Masoe it wouldn't be able to get water.

- YTy e ot dpeprte aeed oot and woold aet alang fine,

Te

— 1 ~4gnt fall orer,

‘o
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Asi now the children could check their predictions of what
vrould nanpen to the plant if it didn't have any roots. They
m19ht have suggestions for experiments. Try some of them.
2.5 amorn} them be sure to include the cxperiment we describe
17 detall here.

One way to find out what would happen to a plant if it didn't B
have rpots is to cut the roots off. Take one of the coleus

plants; and tell a child to cut through the stem below the .
bcttom leaves, and then insert the cut end of the stem into )
the soil in the same pot, a little distance from the original

base of the plant. The stem should be inserted deeply enough

to hold the vlant steady. A pencil can be used to make a hole

for the stem.

T t1o- an uhdisturbed plant for comparison.

Ask the children to observe the two plants side by side and
tell vou what is the same about them and what is different.

Their answers may include the following:

— They have the same kind of leaves.

— One of them doesn't have any roots.

— The lcaves are about the same size, but one plant is
shorter than the other.

If no one comments on their condition, ask whether they look
<gually healthy.

fro- nove on, the two plants will be treated in the same way
to se~ whether there are differences in the way they respond.

LU B




The plant with roots will be the control in the experiment.
(The children used controls in Unit 23 to help them remember
what something looked like before they began experimenting
with it.)

Ask the children how they will be able to tell if the plant is

getting along all right without the roots. Ask what would be
evidence that the plant doesn't need roots. What would be

evidence that the plant does need roots?

Most children will say that they think the plant without the
roots will die. Ask them what a dying plant looks like, How
will they know if it is dying? They should be able to decide
that if a plant is dying its leaves will be droopy and the plant
will he limp.

Now place both plants in the sunlight. Do not water the
plants until both are wilting. It may take from two hours to
two days for them to begin wilting, depending on the sun-
light, humidity, and temperature in your room, and depending
on how damp the soil was when the experiment was started.

Have the children check the plants periodically. One will
wilt before the other. As soon as both are wilting, continue
the activity. (The timing is important here, because if there
is too much delay both plants may die. A delay of an hour or
two 1s no problem, but a delay of a-day might be too much.)

When both plants are wilted, place them before the class and.
ask the chiidren how they think the plants are getting alonig. ™ -
Have them identify which plant has roots and which has none.




Ask if the one with roots or the one without seems to be get-
ting along better. At this stage the children may have differ-
ences of opinion, since both plants should be in bad shape.
Some children will say that the one with the roots looks bet-
ter, because they think that is the answer expected. It may
be hard for them to accept the evidence that the one with tne
root also looks bad.

Then ask the children what they think would happen if both
plants were watered. After they have had a chance to predict,
have a child water both plants well, until a little water comes
out of the hole at the bottom of the pot. Then leave the plants
where the children can watch them from {ime to time, while
they go on with-other work. In half an Pl?)ur to an hour the
plant with roots will have revived. The plant without roots
will still look wilted.

t1ave the children discuss the differences between the two
plants at this stage of the expcriment, and then ask what con-
clusions they can come to. When a chila draws a conclusion,
ask what his evidence is. -

Many children make dogmatic statements based on limited
evidence because they "knew" what was going to happen be-
forchand. Try to help them put aside prior opinions and just
look at the cvidence of the experiment,

With the limited amount of experimenting the class has done,
1t is appropriate to draw only limited conclusions. When the
~hildrrn make qeneralizations for which they have little evi-
dence, remind them that conclusions should be based on cvi-
denee rather than just on opinion.

be
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In the case of this particular experiment, 2@ reasonable con-
clusion is: :

— The roots are useful for getting water into the plant.
The evidence for this conclusion is:

— When we watered both droopy plants the one with roots
revived quickly but the one without roots did not.

Note the limitations of the experimant and the conclusion that
can be drawn. The experiment has shown only that roots are
part of the plant's water carrying system, and that they help
get water into a plant quickly. The experiment does not show
that roots are always necessary for plants.

Roots serve several functions. One of these is that they help
plants survive extreme drought. Because of the large surface
area of the roots, a whole plant is able to absorb water
quickly. On the other hand, a plant without roots absorbs
water much more slowly because water can only get in through
the very small area of contact between the stem and the bit of
soil it is touching. Some plants grow new roots when kept in
moist sand or soil. If they do not, they will not <urvive very
long. '

Activity B

This last activity shows liow some plants survive extremely

- -adverse-conditions. e

You should now have two potte'd plants, one healthy coleus
(with roots) and one droopy coleus (without roots). Put the
plants aside in a well-lit place but not in hot sunlight.
Water them regularly, as needed. (Plants should be watered
thoroughly whenever the soil gets dry, and then should not be
watered again until the soil gets dry again. Overwatering,

‘causes rotting of underground plant parts.) -

Have the children keep watch over the two plants. In a week
or two they will be able to make an observation. * The plant
that they thought was dying did not die after all. Some of the
most droopy leaves on the cut coleus will have died, but new
leaves will be growing. The children can dig up the originally
rootless stem to find that new roots have grown.

)
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Changes will also be apparent in the piece of stem attached
to the original root, from Wwhich the upper part of the plant had
veen cut, The stump of stem will have sprouted new leaves.

This demonstrates the coleus® ability to replace parts it has
lost. )

Tell the children that some plants wili.grow new roots and
others will not. Ask them to tell about any other plants that
they know that will do this. If they have no suggestions be-
cause of lack of experience, they may like to set up experi-
ments with several kinds of plants to find out which ones will

grow new roots.




USINT A MAGNIFIER

You can get a wider field of vision through a
magnifier 1f you hold it close to your eye. In
order to adjust the focus, move your eye and
the object closer togather or further apart.

If you and the object remain stationery, you
adjust your focus by moving the magnifier up
and down until you get the clearest image.
The magnification will be the same either way,
but when the magnifier is further from the eye
the field of vision is much smaller,

bu




tegson 10: THE STEM

The children investigate what happens to the water after it
enters the roots of a plant. They first d1écuss where water
might go from the roots, and then they go on to a. detailed
study of celery stems. They see that when a celery stem is
set in a cup of colored water, the dye from the cup soon shows
in the leaves. They break the celery stem and find that the
dye has gone up through the strings.

OBJECTIVES
In the course of this lesson, the children should i)e able to:

— Interpret the presence of red color as evidence that the
colored water in the cup traveled up through the celery
stem and leaves.

— Interpret the red color of the strings and.veins to mean
that the water travels along those particular paths.

— Interpret lowering of water level in cup as evidence that
water went up through celery stem.

— Describe roots, stems and leaves as parts of the plant's
water carrying system.

MATERIALS

Y

-~ for the class —-

— the unpotted coleus plant from Lesson |
- — sharp knife or razor

- pla\stic cup

- ‘maskinq tape
,\_ *plastic bag or plastic wrab

— | bottle red food coloring

4

— gallon container of water

- z

-3

\¥

55




-- for cach child --

P

— a celery stalk with leaves .
(‘fou will need two or three bunches. Keep celery in a
plabtlc bag and refrigerated until needed. Wilted celery “
will not draw up water well enough.,)

— magnifier

— l6-0z, plastic cup
PROCEDURE

Activity A

In the last lesson the children experimented and discovered

that water went into the plant through the roots. Mention -
this, and then ask where the children think the water goes

after it goes into the roots. List their ideas on the board so

thaf the class can go back and look for evidence to support

them. The children may suggest some of the following:

— Water goes into the plant, into the leaves.
— It stays in the roots.
— It goes back out of the roots into the soi],

‘— It goes up the stem. ) (

Most children will think that water goes into the plant, be-
« cause they found that after they watered the wilted plant in
Lasson 9 the leaves became firm again,

A
I’ WE THINK WATER GOES INTO THE LEAVES, HOW DOES
IT GET THERE? (Through the stem.)

Bring out thi coleus plant that you put in a jar of water in
& Lesson 9. Ask the children to tellywhat they think the stem
is like inside.

v

Cut the plant from the root.and cut the stem into several sec-

* tions. Pass the pieces around so the children can feel them
and look at them. Ask them to describe some propertxes of
the coleus stem. They may mention that it is green, square,
slender, long, wet on the cut end, solid in the center, and
has no visible tubes,




1
\
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Then show the class a stalk of celery and tell them that it is
a kind of stem that.is easy to study because it is so large.
Cut it into sections and pass them out so the children can
compare the celery stem with thé coleus stem. They will see
light green dots that are not visible in the'coleus. They will
learn later that these are the cut ends of water carrying tubes,
but do not tell them now what they are.

¢
4

) Remmd the children that we have beén falking about whether
water goes up through stems into plants, and ask them to
suggest experiments that might help them find out. As ushal,
accept all suggestions, and help the children set up experi-
Anents to test their ideas. Deascribed here are two experiments

\/that you should be sure to include. The first is a demonstra-
\tion and the second is an experimept that all the childrem
should do. Both are based‘on observing what happens when a
stalL of celery is put into a cup of water, .

Activity B . .

This is a demonstration that you should have some children
set up. They should make a fresh cut across the bottom’ of a
.stalk of celery and put the stem into a cup of water. Have
them mark the level of the water and then cover the cup vith
plastic to prevent evaporation. A drop in the level of the
water will be evidence that the water went up the celery stem.
Put the setup 1n a well lighted place, and then go on to the
‘next activity.

Note: The change in
water level will be
more apparent if you.
use a narrow glass.

r
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ctivfty C .

After the demonstration in Activity B has been set up, but
before any results have been observed, proceed with this
expex;iment, which is the main activity of the lesson.
Ask the children how we would know if the,water was going up’
.o into the stem. Has any one of them ever seen water going up
- . into a plant? Ask why this. would be difficult to see. (Be-
- cause water is colorless and plants aren't transparent.) Ask
if there is anything we could do to the water so that we might
) be able to see it in the plant. If no child suggests it, tell
them that food coloring might make the water easier to see.
Then let several children predict what would happen if colored
water went into the stem, and have them describe what they
expect to see..

Each child will do this experiment. For a class of 30 you will \
need about a jallon of colored water: Prepare it in front of '
the class by addiﬁg enough red food coloring to a gallon of
water to make it a.deep red. Give each child a plastic tumbler
and have him label i't\ with his name on a piece of masking
tape. 'Ijhcn pour four to six ounces of colored water into each
- tumbler, . .
£ \\ \-
Have aschild get the cef‘ery from the refrigerator. Make a
fresh cut across the bottdm of each stalk of celéery just before
. you jive it to a child. He should place it in the colored water
immediately, so that the cut end does not have a chance to
dry up.

'4' o Prepara a similar setup for yourself, so that you can keep
\ . ——~  watch to sec wheh to begin Activity D. The length of time re/—’/
b quired for the colored water to be drawn up the celery stem

) and into the lcaves depends on the amount of light, heat and

hurmidity in your room and the condition of the celery. It
, should take two to four hours.

%

", ' Go on to some other work, and when the celery leaves s.iow
tinges, of red, return to this experiment. .

6o




Activity D

Make a fresh cut a shori distance from the end of each statk

\ of celery. Have the children look at the cut ends with magni-
’ éars and describe or draw what they see. Have them count
the ted dots and notice that all the stems don't have the same
number. The children may recall that in the celery cross-
section they looked at earlier, the dots were green. Ask what
theyg thmk the dots are. What made them red? /'

Then have the children break a piece off the ends of /helr

stalks and pull the s et
| A > m

Tell the children thatthe strings are tubes. Ask where they
think the water went from the tubes in the stem. They should
notice the red tint in the leaves. Have them tear across a
eaf and use their magnifiers to look at the torn edge. They
shoulr‘ be able to see ted dots in the center of the veins.
From the surface of the leaf the veins look green because the
walls of the veins are tpo thick to let the red show through.
The tissue of the leaves\is thinner, so the red can be seen

y moreé easily,

-

Ask the children what they have observed so far to be part of
the plant s water-carrying\system. They should be able to
summarize:




- - roots
AN 4

h - stems

\ - leaves

Tell them that you will study the leaves and what happens to
the water in them the next day.

Activity E

Check the demonstration sét up in Activity B. If the water *
level is considerably lower, have the children look at it.—(f—

- - —not;wait titii the next day.) Mark the new water level. The
children should be able to interpret the difference between
the two water levels as an indication of how much water went
up .thrcugh the celery stem.

.




Lesson !1: THE LEAVES

In the previous two lessons the children found that water
enters the plant through the roots and travels up the stem to
the leaves. Here they investigate what happens next. Does
the water stay- in the leaves or does it travel further? The
children list their ideas and set up experiments to find out
which are correct. Among the experiments, you should in-
clude the one that is described here in detail. It demonstrates
that water comes out of the leaves in the form of water vapor,
which can be trapped in a plastic bag and will condense on
—the InSide suriace of the bag in water droplets.

This lesson will take two days.

. OBJECTIVES

1

‘ H
3 During this lesson the children should be able to:

—~ Decide on experiments to detect the presence of water.

— Interpret the results of their experiments to indicate that-
water comes out through a plant's leaves in the form of .
water vapor.

~ Identify roots, stems and leaves as parts of the plant's
water carrying system.

MATERIALS

— 2 coleus plants, preferably one with branches
— 2 large Baggies

— 6 small Baggies -

-~ 2 wire twists

- 2 strips cobalt chloride paper

— gooseneck lamp (optional)

— Worksheet 21

- Adventures in Liying Plants, by Edwin B. Kurtz, Jr. and
Chris Allen, University of Arizona Press, Tucson,
Arizona, 1965.

<)




PROCEDURE

Activify A

Remind the children that yesterday they saw that water tra-
veled up the stems of the celery and into the leaves. Ask
them where they think the water goes next. Encourage the
children to describe as many possibilities as they can. Their
1deas should be listed on the board so that the class can go
back to consider what kind of experiment could test each. A
list of suggestions might include some of the following:

I. The water might stay in the leaves.
v 2, It might go back down into the soil.

3. .It might come out of the leaves.

How could the children find out what really happens? Ask
how they might test each idea, and help them find ways to
make the tests. - Possible tests for the three ideas listed
above are described here. The class can work together to
derelop appropriate tec~ts for the ideas they suggest. Basic
to ail the tests is this: If water is present in or coming out
of a particular part of the plant, it should be possible to see
evidence of its presence in one way or another.

-

Fach class will decide upon and set up its own experiments.
Set up as many as possible at the same tim2, depending on
how many plants you have. The third experiment described
below should be included with others the children suggest.

'} If water stayed in the leaves, the leaves should get fatter
and fatter, since the plant keeps taking more and more water
up from the soil. Observation will tell whether this happens. 5,
The children have seen an example of exactly this kind of
thing happening, when the wilted plant was watered and the
leaves "fattened" as their crispness was restored. The chil-
dren will see, ‘however, that there is a limit to how much
water the leaves hold. They do not puff up beyond their,
normal thic}:niss. Therefore, through observation they can
conclude that the water does not stay in the leaves.

‘u
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2) If the water went back down the stem into the soil, it
could be used again by the plant, and the plant would not
need to be watered over and over again. How can this be
tested? If the idea that the water is reused is correct, the
plant should thrive without further watering when the soil is
covered with plastic to prevent evaporation. If the plant set
up this way wilts and the soil under the plastic cover gets
dry, it shows that the water is not going from the soil into
the plant and then back into the soil. It must be going some-
where else after it goes from the soil into the plant. »

Set up your experiment and put the plantaside in a well ).it
place.

It may take as much as a week for the plant to wilt, depend-
ing on the size of the plant, the amount of soil, and how
recently it was watered See that the children give the
experiment plenty of time and don't try to draw premature
conclusions.

3) If the water goes out through the leaves or the stem, there
should be some way to verify it. The first step would be to
examine the leaves to see if they are wet. (Some plants *
actually do form drops of watcr at their tips, but coleus
doesn't.) ) . .

¥ .

'

When the children feel that the leaves are dry, ask them
whether this really means that water doesn't come out of the

o
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. “leaves. Ask them if they know of any other form that water
takes, where it doesn't feel wet. (The children have had
.- some activities with water vapor in second grade, but may . -
have forgotten it. Use as much of the following as you find
necessary. If the children respond immediately. showing
familiarity with water vapor, skip the next two paragraphs.)

Wipe a wet sponge over the blackboard. Then ask if the .

board is wet or dry. As the board dries, ask where the water

is going. (Into the'air.) -Another example they might talk .
about is what happens to:the water in wet laundry wheir the

laundry hangs on a line and dries.

The children are not expected to under'stand how or why water e
goes into air. This is merely a ‘demonstration that it does.

If they still have problems accepting the notion that wate'r

can go into the air in an invisible form, borrow Unit 20 from

a second grade teacher, and review with the class the water 1
vapor activities on pages 100-102. '

kd

Resume the plant activity here::

*

-

Remind the children that our original question was to find out

whether water came out through the leaves. We saw that the

leaves were dry, and we asked whether the water might come

out in any other form that didn't seem wet. Now we have

found that there is another form in which water might be

coming out, that is, water vapor.

Ask the children for suggestions as to how we could trap,

water to prove its presence if it were coming out of the leaves '
in the form of water vapor. If the children do not suggest L.
using a plastic.bag, show them one and ask if they think it ’
might be useful.

'Have a child check the bag for leaks by blowing air into it.
Then the bag should be placed over the plant.and fastened ,
snugly around the main stem: Water the plant and set it .
aside where it can be looked at every hour or two until re-
sults are observed. - If you wish to complete this activity on
K . the next day, set the plant on a windowsill where it will be
in daylight but not in direct sunlight. If you wish to complete

et *
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x . itonthe same day, set the plant under its plastic bag about
. : * 18 inches from a 100W bulb in a gooseneck lamp. The bright
: - light will speed up the experiment. (If you do not have a
. " goeseneck lamp, you can improvise one by shaping a reflector
. of ‘aluminum foil.)

-

- In two to four hours under a lamp (or the next day in daylight)
) the plant will have given off enough moisture that fine drop-
lets will have formed on the inside surface of the plastic bag.
The longer the plant is in the bag; the more moisture will be

; ) collected. (If the plant is left too long under tod bright a .

v light, so much moisture will be givén off that the plant will ~
] wilt permanently. The plastic bag makes for a high tempera-
i, . ture, such as what you get in a closed car in sunlight, and

. the: heat increases the rate of transpiration.) '

. Have the children tell what they observe when they check the
experiment. They will see droplets of a clear fluid on the
inside surface of the plastic bag: Haye them describe the
properties of the liquid and ask what they think it is. Many
will think it is water. Some children have suggested it might
! . . be a plant waste product or sweat.- Ask if the children remem-
i : .~ ber how ybu can test for water. Show them a strip of cobalt

- . . chloride paper and ask if they know what will happen if you

. . wet it. Put a drop of water on it and show them how it turns -

~ pink. Remind them that in second grade they had done experi-
ments with cobalt chloride paper showing that other fluids did
not turn it pink, so it can be used as a test for water. -

L]
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Activity B

-

Remove the‘plastic Abag from over t};e pfant, and give a child
a fresh strip of cobalt chlcride paper with which he can test
and find that the droplets in the bag are water.

Recall that we wanted to find out where the water went after

i. got into the leaves of the plant, and ask the children what
they have learned about that question from their experiments,
Give them time to draw conclusions.,

Then tell the class that we have experimented and have seen
that the water went into the air. Are there anygways that we
could test {o find out if it really came out of the leaves?
‘Where ¢else could it have come from? List the children's
ideas, and keep the list on the board to serve as a guide in
setting up éxperiments to test the ideas. Tell the class to
think over experiments they would like to set up the next day.

?

s

Start this lesson in the morning and set aside some time in
(‘\;he afternoon to complete it. (The afternoon session will be
brief.)

Refer to the list made at the end of ¢he last activity. The

children may want to add-other ideas about where the water

in the piastic bag might have come from. The list may in-
- clude the air, the bag material, the stems, the leaves, the

buds, the whole plant. Ask_how the different ideas could be ~

tested, and help the children set up experiments. Be sure
that they think through their experiments enough to be able to
tell what they are testing for and how the results will give )
answers to their questions. For example, a plastic bag over
a stem stripped of its leaves should test whether water comes
out of the stem. If there is water in a bag over a stem with
leaves, but no water in @ bag over a stripped stem, they
should be able to conclude,that the water came from the
leaves. *

-3
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This diagram combines several possible tests: -~

-

N Sag over stripped stem ————
on plant

2?

Bag over sterh with
leaves on plant

-

Bag over leaves - ‘ - -
removed from plant . ’ Bag over bag, -

) . . [J

“When the experiments are all set up, they should be placed. .
under a lamp as in Activity A, Observations can be made and
conclusion$ can pbe drawn the same afternoon, If you put the-
expenmen,tal setups in a window (without sunlight) you will

have to wait till the next day. (A sunny window will produce

quick results, as does a gooseneck lamp, but you have to be ‘
careful not to overheat the .setups.)

Have the children turn to Worksheet 21 and draw pictures of .
the expenments that were set up., ‘'Then they can gb on'to
other work. . © e .- )
‘ 1 -
- . ‘ )
) o . . ) ‘
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"Activity C V : « -

Al

When at least one of the bags shows a good collection of
.. water droplets, have the children.observe the results of their -
" experiments. They should {ook closely at the bags to decide
which have moisture in them and which do not. They should
be able to come to the conclusion that in the previous experi-
. ment (in which the bag covered all plant parts above the sgil) ) '
- .- the water probably came out of the leaves, because in this
series of experiments there isn't much moisture in the bags
that don't have leaves in them, and there is visible moisture .
3 _in the bags that contain leaves. - ’

~ . -
[y

. ‘ . '
Have the children‘fill in experimental results and conclusions

N as directed at the bottom of Worksheet 21, . e
o’ 's :
Y - ~
» ) = : L4 s
. _ Worksheet 21 Neme a .
@‘ N . tnit 29
Y3 .’“ » » . \ o .
" - . . ’ Draw pictures n-n show the experimnts you set n ¢

to find oul where the water case free.

2 +
N
. ).-wMJ\ .
. ¢ Laoosr
- . “
& - ‘
& . -
. . Drew water drope in any experiment where you aew
» ) wter drope after a fow hours. >
. . ’ - Put an X over any cxprlnm that did not have . ki
« water drepe. ~.
~ . Mat doss your evidence ahow? eanNes
. . - - ‘ .&' w‘m‘
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Activity D : . ‘

Read Chapter 6 of Adventures™in Living Plants by Kurtz and
Allen, and retell it to the children in third grade language.

It is an exciting story of a trip through a plant's “plumbing
system™ made by children who have taken a reducing pill.
Théy have to wear diving suits and fight the rapid current.
Read only from the beginning of the chapter until the children
get up to the leaves and look out through the stomates. (Sto-
mates are microscopic holes in the leaves throggh which the

water passes/into the air.) : o
F’ 7 ' e
- - ES
~
*
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Lesson i2: WHAT ARE THE PARTS OF THE SYSTEM?

.In the first activity the children “raw diagrams of a plant's

water carrying system. Since each makes his own decision

! on what parts are necessary, the diagrams may nct look )

s alike. Some childgen will 1nclude only roots, stems and

. leaves. Others may want to 1nc1tide tubes, soil, water and

) o even the air. The children should be able to tell the class
their reasons for their choices of what they include and what

they leave out of the plant's water carrying system.

~ There is no “"correct" interpretation of what sh_ould be in-

, “ cluded in the system. This lesson is an excellent way to
help the children understand that a system is really man's
analysis or way of looking at natural things. One can make
his own decision as to what the system is to include for his
experimental purposes. He can limit his syssem or make it
broad,, depending upon what he is trying to learn about it

~ and what experiments he is setting up.

‘In the second activity the children dompare the water carrying
. systemg of different plants. The systems of all leafy_plants
are_basically the same, in that they include roots, stems,
. and leaves in some form. However, there are very different-
. . fooking roots, stems, and leaves that are adapted to particu-
" lar environments. The children look at pictdres of different
k y plants and identify and compare the structures. In these
\ p1ctures roots are the easiast to identify and stems the most
difficyfit. Roots are usually underground and branch irriegu—
larly /J Stems can be'identified because they always bear
§ and, leaves arranged in a definite pattern. (In the case
of a runner as in the strawberry, new plants grow from the
bue. The potato is .an underground stem, and the eyes, are

y tiny buds.) ‘ N . ‘ ;{
L b . ‘ 4
' . . Fiaally, the ch1ldren consider how different plants might be
Do "~ suited to different environments. ,
A\l OpIECTIVES |
{ . -
> , Each child should be able to:

/ ‘ -~ Draw and e>'<p,lain a simple diagram of a plant's water
~. [ ' ~ -~carrying system. N

¥

LI




- Compare the water ocarrying systems (roots stems, and
b ».‘ leaves) of different plants. ’ )
—~ Discuss ways in which differept kinds of roots, stems, and S
leaves might be more Useful in* particular kinds of environ—
h : . ments. i
v MATERIALS ’ o :
— Worksheets 22 and 23
— green onions (optiorfal) ] *
' PROCEDURE ‘
Activity A
Have the children turn to Worksheet 22, on which the§7 are to -
draw and label a picture of a plant's water carrying system,
The children may work individuatly or in pairs.
Each child should consi-
Worksheet 22 ‘ . der the plant's water
tnit 29 Neme " carmrying system, what he
. Plent's Water Carrying Systes . ‘thinks is part of the Sys-
X . *  tem, and why. After the
\ children think it through
. for themselves and have
] made their drawings,

f " they should have an op-
portunity ‘to discuss and \
share what they have,

- done with the class.
By ‘fhe, end of the activity,
each-child should have
recorded his ideas of
what the parts of the sys-
tem are, and he should
"be able to explain why
each part is included. .
. His diagram should be
- labeled with the names
. of the plant parts and
) with arrows showing the
' , direction of water move~
. ' ' - ment, :

8*\ . ¥




Serkehoet 23 *. Name
Unit 29 R -

Labe! the roots, stems and leaves of each plant.

This worksheet illustrates variations in plant structure.

STRAWBERRY: The runner is a stem that goes along the ground
and sends up new plants at intervals.

-

' - TREE: The tree trunk is its stem.
o ' ‘ VINt: This stem is pliable, long and twining, unlike the tree. --

. CARROT: The stem is the Jtort chunky greenish section be-
: 'tween the large root and the featherv leaves.

e ONIQN: The rings of the bulb are actually part of the leaf
structure. The stem is the small agea from which the bulb o 1
scales (rings) rise and the roots descend. . 1
. <~ WHITE POTATO: ThRis plant has two kinds of stems. Abovo- i
- ground stems have leaves. Underground storage stems are 1
‘ the potatoes, and the buds on them are the eyes.




Activity B ) .

Ask the children if they think all plants have the same kind

g of roots, stems and leaves. Have them turn to Worksheet 23

" and see if they can tell which are the roo{s, stems and leaves
on each of the plants. Give them time to label as many plant
parts as they can. : \\

! x
M 3

™ X °

"\ H a class discussion ask children t tell how they labeled

the parts of the trée. It is unlikely Fhat there will be much

. -disagreement on this, though some children may find it hard -
to congeive of the tree trunk as a stem. Go oR to the vine,
on whxc\{ the children should also b¢ in agreem\snt. Then ask

- how they 1abeled the parts o6f the other plants. \Now there is
bound to be disagreement, since the plants weré chosen to
illustrate great variety in plant structure. i

After the children have had a chance to express themselves,
tell them that some of the plants show special kinds of roots,
stems and leaves. Tell them the correct identification, using
-as much of the information on the facing page as yodu think
appropriate. The purpose of this worksheet and discussion is
simply to help the children understand how much vahety there
1s.1n plant structure, and to show that though other plants may
seem very different they do in fact have a basic sxmxlanty to t
.the coleus gnd the celety the children investigated in detail

in the earlier lessons.

B}

{It would be interesting to bring a few green onions into the
classroom and let the children take them apart to see how the
.white -layers of the bulb are each continuous with a long green
hollow leaf. They can see how this structure is dlffetent from
the coleus and the lettuce leaves. They can also see the un-
usual stem — the compac{stubby section at the base of the
balb tror'“ ‘thCh the root and lcaves arow. )

¥

'fhen have the class discuss ways in which different kinds of
roots, stems or leaves might be more appropriate or uséful in
differrnt environments. Ask questions such as these:
S WHAT KINDS OF ROOTS MIGHT BE USEFUL IN DRY PLACES"
I‘ WINDY PLACES? .




HOW COULD A LONG le\‘EM BE USEFUL?

-

HOW WOULD A LARGE, ﬂEAFY TREE GET ALONG IN THE

DESERT? WOULD THAT BE A GOOD ENVIRONMENT FOR

IT? . '

\\y

Lot the children share their ideas. This discussion should
help the children become awaré that some plants' water car-
rvying systems are better adapte'@ to one environment than to
another. If the children are intérested in going into further
detail, tell them that dandelions'\grow almost everywhere,
and ask if anyone knows what kir\t\d of roots they have. Ask
if they can think of some reasons why it would make a differ-
ence 1f a plant had one kind of root or another. Sugges: that
some children dig up some dandelion plants to bring in. They
should try to get all the roo.s. While they dig they should
notice the moisture in the soil. Is it more moist near the
surface or deeper down? If the children are interested, they
can investigate plants that grow in wég: places, dry places,
open fields and heavy forests, and con\\pare the parts of their
water carrying systems. \




Lesson |3: HOW MUCH WATER GOES TPROUGH THE SYSTEM?

The children have seen that water enters the plant through the
roots, travels through the stem to the leaves, and then out
from the leaves into the air. An interesting extension of
these activities is to find out how much water passes through
assorted leafy stems.

The children place the stems of coleus and other plants in
colored water and observe the change in water level in the
container as the water goes through the plant and into the air.
They find that each stem takes up a different amount of water. -
The rate of transpiration (water loss) is dependent upon numer-
oué factors including size and type of plant, amount of leaf
area, humidity, breezes, and temperature.

Start this lesson in the morning. It can be cémpleted in the
afternoon or the next day', depending on conditions.

~

OBJECTIVES
During this lesson the children should be able to:
— Interpret change in water level as an indication of hew
much water a plant stem has‘taken up.
— Record information in tabular and diagrammatic form. '
— Identify the rola of a control.

— Interpret the results of their experiments as showing that
all plant samples cannot be cxpected to have the same
transpiration rate.

MATERIALS ) -
— assorted plant stems .
* {See description below, under "Preparation. ") .
- large transparent vlastic straws (one for each stem)
- — green food culoring
- 3 medicire rzro'ppcrs
— masking tape s
- wa‘x’ter ’

- Woarksheats 21 and 25

' ¢ . '




+ PREPARATION " .

Select an assortment of stems with leaves that are long and
slender enough to fit well down into a large plastic drinking
straw. (You can strip a few lower leaves off awshorter stem.)
Place them in a container of water until you are ready to'use

them. Choose some with large leafy areas, because they

will transpire more quickly and the change in water level will

be more marked. Try to get stems from many types of plants — -
shrubs, trees, tall grass, vines, house plants.

. ' ‘ Prepare wlie straws by making a sharp )
> . bend an inch from one end and fasten- ‘-
ing it with masking tape.;

Add food coloring to one quart of water. ‘

*

s . PROCEDURE . .

. . Mention to the children that they have identified the different
parts of a plant's water camying system by doing many experi-
ments, but ohe thing that they haven't explored is how much

' water goes through the plant's water carrying system in a
given period of time. Ask if the children think that all piants
take up about the same amount of water or if some take up
more water than others. They should discuss some of their
experiences which make them think that plants do or do not
need similar amounts of water. - .-

Ask the children what kinds of experiments they might set up Ty
-to investigate the question. The children may wish to set up -

other experiments as well as the'one suggested below-and
, should be 'qiven,opportunities to do so.

‘ . \8 '.l ) , ' . .
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Brmg out the assortment of stems that you have collected and
show them to the children. Mention that these are just parts

of plants and we might get different results with whole plants,
but we can still find out something atout how much water is
taken up by these stems. Tell them that to find out how much
water these stems take up we could put the stems in water

and measure the change in water level. Show the children the -
taped straws and the colored water that you have prepared.

Let,dxfferent children use medicine droppers to fill each of the
taped straws to about one inch from the top. Place a piece of
masking tape horizontally across a window. The straws should
thert be attachedtothe window bane with transparent tape so
that the water levels are lined up with the bottom -edge of the
masking tape. Let the children see that the edge of the mask-

ing tape serves as a marker for the water level in each straw. 2
(.




Then 'nave‘children put a stem into each straw. The water
111 now rise to differént levels, but the children should
understand from their displacement activities in earlier units
that this does not mean that the amount of water in the straws
has been changed. (If any water rises high ephough te spill,
wou should remove the steyn’ and make a mark \o show the
starting water level for t__hajl&strawfand then rdplace the
stem.) .

Lo

-

£

wandering Jew

geranium
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Tell the children that they will check later in the day to see
,how much water the stems took up. Ask the children what the
evidence will be xf the plant has taken up some of the water.
They should expect the level of the water in the straw to be
lower than it 1s now. K .

Ask the children to suggest a control that could’ be set up to
show if the missing water'really was tak~a up by the plants,
or if the level would have gone down even if there were no
stems §n the straws. Have-one of them fill a straw with
‘colored water and tape it to the wmdow but put no plant

into it.
Have the children turn to Worksheet 24 ang write the nameg of
the plants that they are using for the expeMment, one at the '
base of each column., Have them draw pencil lines where they
think the water level will be on each straw in the afternoon.
They might discuss whether they think all of the plants will -
take up about the same amount or whether some plants will -
take up more than others. They should tell why they think as

they do. . .
Bork<heet 24
init 29 \ame Worksheet 25 hd ’
- tnit 29 Na
) ) f'f'ﬁr}"": tna Houre 1: mt ~
‘ . 3 Water foss In [] Hours
) o0 .
! ; T‘ - E Change of wnter level
N ! l Plant in centimeters
a b = . .
g'. ™ J ; ; Control
! { %
;’ 1 . \ = Coleun’ "
{ -7 bR, ~7 ’
i 1 $:, lhese answers shoall
- . .
L y -, 53 covres pond with the entrils
; . < : . ¥
— L 1 4 onn Worksheet 24. :TY’\e-1 are
! ; E% not -G(“EL N begausc 'H\e\,
A, Ao -
{T S — 332 will vary «ccor::lnhq to the
—— 3 | . plarts you choose . :
N - ; CICD I X 4 ?
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In the afternoon have the children look at the straws to see

how much water was.taken up by the stems. (If there has
been very little change, delay ths rest of this lesson until

the next day.) ) >

v

-

Ask how they can compare the water levels now with what -
they were at the beginning of the expariment. They should
remember that the bottom edge of thz masking tape was the
marker for the water level at the start. .To find the present
water level they will have to remove each stem. (It may be
necessary to review what they observed yestercay about how
the water rose to different levels beécause thicker stems dis- '
placed more water than thi#rthes did.) ’

Now the children can measure the distance between the two
water levels to find ayt how much the level dropped.',_ A few
.children should make these measyrements and report them to

the class so that all can fill in the table on Worksheet 25.

.
’

.
| '
l |
» -

.~

1Y

Then the children can work alone or in pairs to transfer the
information from the table on Worksheet 25 to Worksheet' 24,
Here they are to measure the distance from the lower edge of
the masking tape draw a line to represent the water, level on
the straws, and color the portion of the straw beiow that line
to represent the remaining water.
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. Have the children discuss how much water was taken up by )
the plants. The discussion should be based on their direct
observations and the experimental data. During the discus-—
sion they might consider the following questions: - - ‘
- DIDALL THE PLA\fS TAKE UP THE SAME AMOUNT OF-
WATER?

W HICH PLANT APPEARS TO HAVE TAKEN UP THE LEAST
WATER" THE MOST?

WHAT HAPPENED TO THE CONTROL" -WHAT DOES THAT
TELL US?

Ask the chiidren if they have any ideas about why the plants ‘,‘
took up different Amounts of water. They have little basis
for any conclusions, but they should be encouraged to spe-
culate. Be sure that they recall their activities showing that
water comes out through plant leaves. They should be able )
to relate this to their discussion about how much water was
) taken up by the plants. If necessary, call their attention to
the dlﬁferences in number®of leaves on each stem, and the
differences of leaf area and leaf thickness. ¢

on
<

4
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. Lesson I4: WATER IN LEAVES =~ °

e - w?

Our attention has been focused on how water enters a plant .
and goes'th_rough it. This lesson demonstrates that water does -
__J - ndt.just pass through the leaves but alsq remag‘s in the leaf
tissue. (Water is needed for all the physical gnd chemical '
changes that take place in the plant.) ) .

-

L] ~

The children fipd out how much _Q_f the plant tissue itself is

‘composed of water. They weigh a lettuce leaf, let it dry out,

and then weigh it again‘to see how much water the leaf has
.7 lost, : 2 'y,

'R

»

P

. They also compare the rate of water loss of lettuce and cab-
‘bage leaves, and consider how rate of loss relates-to the
kinds of conditions under which different plants cah thrive. -

- - 7 The les§on concludes with a summary telling that water is

used by the plant to make food. \ "
;o * This lesson will take two days . ' > oy
- OBJECTIVES .

Al « -

In this lesson the children:

RIS

~
~

L4
- — See that there is water in leaf tissue.

) - See that leaves dry out. faster in some kinds of plants
than in others. Y \

Y

— Are told that plants use water for making food. »

[

. H
MATERIALS ° R

> — ,beam balance

.t
* = two: l2-0z. tali clear plastic cups : . !

[
« 7

A Pl ¢
3

- "lettuce leaves-(several) _f . . { .

Y

— cabbage leaves (several)

— a few leaves of succulents (fles}j{‘y-'-lea'ved plénts such as «
jade plant, aloe, hen-and-chickens) ' o




| ) .
/ PREPARATION. -
R ] Use masKing tape to attach piastié¢ cups to the beam balance.‘_.

/
PROCEDURE ‘ —
‘ Activity A~ c+i .7 : : S
- Reming the children that they have seen how water is taken Lip ‘ )/"
by a plant and comes out of the plant through the leaves. Ask
if they think the water just passeg through the plant or has
toppmg-ﬁff 2laces. . . . ;'
i _,_:____.h.._,. /- |
Then ‘show the children the as/sortment of different tYpes of . ‘
leaves. . ’ 4|
t : |
DO YOU THIN.( THERE IS WATER IN THESE LEAVES? HOW o
MUCH? HOW CAN WE FIND OUT?
. . - : ‘e
The childrer will sugges various. ways, such as cutting a !
leaf and lookmg msxde équeezing one over-a cylinder, etc:

Have volunteers try the different methods suggested. The
Achildren may be surprised at how watery and gelatinous the .
interior of“the ledves of suéculents is, but they may not be

able to measu’re the amount \of water present.

If the chddren do not’ suggc.,t xt,.proceed as follows:

WHAT WOULD HAPPFN TO THE WEIGHT OF A LEAF IF THE!

¢ LEAF DRIED Q,UT" (It would get lighter.)




& -

. Now.show the children a lettuce leaf‘and a'thick piece of a

DOES THIS SUGGEST A WAY WE COULD FIND OUT HOW
1MUCH WATER A LEAF CONTAINS? (‘Neigh it before and
after it dries out,) : .

Bring qut the beam balance and put a lettuce leaf in one plas-

tic cup. Balance the leaf with sand, paper ¢lips or some '
other convenient substance. Set the balance aside to permtt\
the leaf to dry out, and go on to other work. Have children ™
look at the balance occasionally during the day and see that

the arm with the lettuce leaf is rising gradually as the leaf

wilts.

The next day ask the children to suggest ways of finding how
much Wwater has evaporated from the leaf. Someone may sug-
gest adding water to the cup containing the lettuce leaf until

the balance is restored. Do this. When you add the water,

try toido it so that it runs down the side of the cup and col-
lects ,at the bottom. The volume will be more dramatically . 0
v151b1e if you add the water sO that none gets caught in folds

of the leaf.

cabbage leaf, and ask which they think will dry out faster. .
Then} balance the two by tearing off bits of the heayier one or
by adding more pieces of the lighter,one, and set the balanced
leaf Eystem aside for later observation. If you have the apprg-
priatp plants, you can also balance a succulent (jade, aloe,
etc.) against coleus or geranium leaves,

When the results have been obse;'vea, ask the children what
they think about the conditions under which each of the plants
thrive. Can one stand hot sunshine better than another?




/ ~ Activity B

The children have studied the water carrying system of plants
s and ttaced water on its path from the soil, through the roots,

' stems and leaves, and into the air. They might think ihat the
plarif is just a passageway for the water. Remind them that *~ '
they have also seen that the plant will die if it doesn't get

_ enough water. They ha\{e seen that there is a dreat deal of,
water in the leaves.| Tell them that the plant uses the water
to make its own foodl Plants are not.like animals, which
have to take in food from outside their own bodies. Green,
plants use water, sunshine, chemicals from the air, and !

( I j chemicals within the plants themselves, to make théir own
{ 3 food. (The "plant food" that comes in bottles is not really

. ;;4-‘ food at all, but contains chemicals that the plant uses te °

‘ ; g: make its own food.)

1/,

. Apimals depend on the ability of plants to make food. They
* ™~ are unable to make their food in their own bodigs, and there-
. _fore eat the plants. Children who are interestéd in studying
, - s this“'rel.{tionship further can look in the library and encyclo-

e pedias for books and articles about food chaints and ecology.
~._ = . .

.
C
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Aruitoxt provided by Eic:

" NOTE

- -

In Lesson 9.you cut a coleus plant off from its
"roots and put the stem into the soil. The plant
wilted, but you were asked to put it aside, to-
gether with the control plant, water it regularly
and watch to see what happens. If you have
not already done’Activity B of Lesson 9, on .
pages 52 and~53, do it ngu.

~
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EROSION

COMMENTARY . ‘
In order to investigate & natural phenomenon it is often helpful
to set up a model ip which some elements (variables) can be
controlled. In this section the children experiment with a set
of/fmaterials to investigate what factors affect erosion. -They
compare the results of their preliminary activities with pictures
that show evidence of erosion in natural settings. These ac-
tivities provide a background of direct experiences. Then the
children decide what elements should be part of a model of an
erosion system. They tentatively identify incline, soil and
water as among the necessary parts of the erosion system.

) Then they investigate how each of these can be varied and how
the changes affect the total system.

On a field trip the children ctan look at the effects of erosion
in a natural setting. Then they set up a mini#ture landscape

14 in which they can predict that erosion will occur in some
areas-and not'in others. '

OBJECTIVES
After the students finish this section they should be able to:

-
— Tell that erosion is the wearing away of soil. (All the
examples they study will be wearing by water.)

- See a stream table as a model of a natural erosion system,

— Relate formations that they see in experimental models to
landscapes and pictures of landscapes.

- Identify some parts of the erosion system as incline, soil,
amount and flow of water, and ground cover.

— List parts of the system whose change might influence ero-
sion in their model system and in nature. (These are the
variables with which they will experiment.)

— Set up and work with model erosion systems in which all
but one variable is held constant, after the class has
agreed on procedures. ) ’

- Describe and compare the erosion pattems when parts of
the system (incline, sotl, water flow) are changed.

05 ~
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PREPARATION

For kesson 19 you wxll need one’ cyp eﬂch of an assortment of
different kinds of soil — garden soil (preferably from severab
different gardens), soil from a constructién area ; from a -
riverbank, etc. Have the children bring them in well ahead
of time, or collect them" yourself, whichever is more conve-
nient. For Lesson 22 you will also need additional soil.
Read the lessons now to dec;de how you will plan to teach

: _— them and how much soil you will need. )
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* -~  Lesson-5: RUNN’ING WATER OVER SAND .
X 'I'he childrer."explore the kinds of things that h&ppen when
T . - water flows over sand 6n a stream table. They are to experi- .

R N e rﬁent freely with the materials. This free approach should

. . ,. provide a wide variaty of experiences.
- - ) ) ~ ) : . .
. After the children experiment they discuss their observations.

* The lesson-should take 45-60 minutes. -

-

.

OBJECTIVES '
At the end of this lesson the student should be able to-de-
scribe the experiments he did and tell what his gbservations
-« Wwere. - h s } ¢

. MATERIALS T,

“~ 15 plastic shoe boxes . : .

‘ — 15 small styrofoam trays

— 15 large styrofoam trays ' _ .
= = 30 paper cU;-)sh
, ~ 15cupsofsand ' . J- .
vt \ - 30'm:agnif§ers
’ . — 30 medicine droppers - . R
— centrally located water supply (bucket or .siﬁk)
— Worksheets 26 and 27 o

¢« ¥

: PREPARATION .

The children will be working in pairs. Assemble and prepare
- the materials for a stream table for each two children:

-

: "- | plas:;ic shoe box
.— & styrofoam trays, one large and one small
- (Cut out a large notch at the center of one end of the

larger trdy, as shown in the diagram on the next page.
. *  Cut off one end of the smaller tray as shown.)

L
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1G9 o8




2%

+

,.'

v
N

2 paper cups,

- (Use a sharpened pencu to poke a small hole in one cup

as ‘shown in the diagram. Place'this cup inside the second

one. Put water into the cup with the hole.)
i

| cup of sand ., .o
(Pour the sand on the small,tray, opposite the end that
was cqt off.)

2 magnifiers ’ - .

2 medicine droppers

ve

Before you teach this lesson, assemble 3 stream table-ac-
cording to the diagram beloWw. Take the cup with water in it
out of the other cup and let the water fun through the hole and
onto the sand. Spend some time wcrking with it to see the
variety, of effects you get'when you change the rate of flow .,

of water; the angle of the tray holding the sand;, etc.

- -
-

161 °
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4 (@t theee msterials frem hv \eacher, » Stress Tebld Losuits

+ One set of asterials foeSenough for you and your partner.

. plastic shoe bot

sssil tray
with ol cup of sand o0 It ’
» . 5

=
;|
a] large tray with petch cut . D
00
T—
Om

L4

2 paper cups, one with hele

S
- 1 mdicine dropper
L}

—

F 1 wagnifier
4

mter

Lavel the sand
Lee your squipsent to Investigate these twe ml‘im:

~ *
"1, What happens when wafher s poured oF “reined” en
- sand? -

- A}
2 "hat things ufffc! the muvement of sand by weter?

»
Loe the next page to dreaw plictures or write about what
you lll‘w what you saw.

7

o
-

A . -

- . PROCEDURE .

Show the children an assembled, stream table. Tell them that
they are gcing to work in pairs, and each pair will be using .
. its stream table for several days; so they will want to keep
. it in good condition. Do not go ‘into any detail about h. .
- . they are to use the stream tables. Simply make the ge:;al
.  statement that they will be using them to observe the effects
- of flowing weter on sand. ) )

' : Tell the children to look at the questions at the bottom of
) . ) - Whorksheet 26 in their student manuals. Then ask for sugges-
tions about what they.might do with the equipment to find somé
., answers to these questions. After they have offered several
’ suggestions, have them pick up their equipment and work in
e pairs to learn what threy can about the interaction of sand and

/ - J  water. . . v
r.-_.t,,;;\ .7 ) - . - .

’Have the ch‘ildren‘ use magnifiers so that they will be able to
/ . see small-scale effects and observe the movement of grains
) of sand by water,

,%&ll the children that if the sand gets soaked it is difficult to
do the experiments. Therefore they are to begin with one cup

' ' : 162 N 9l
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of water, which they’may use as they wish — poutlng it,
“dropping it with the medicine dropper, or letting the water run
out of the little }lole in the. gup onto the gand. ‘After they have
-used one cup of water the children may get a second cup from
your centrally located water supply. If they use more than -
two cups of water, the sand is llke'iy to slide off the tray.
You may want to have several pitchers of water located aj
vérious places in the room.) *

€
’

Prepare t!.2 children to expect continually changing patterns.

§ After the children have had 10 to 20 minutes fo: experimenting
and recording their results, have them set their trays together
on a table or side counter. Then havé them walk past all the
trays to observe the results of their classmates' experiments
and make }:omparisons. The mdst interesting things will havé
happened while each pair was experimenting, buit the different
ways’ in which the materials were handled will provide a vari-

ety of formations on the different stream tables.
€

-When the children have returned to their desks, open the
discussion by asking them to tell you what they observed in
their experiments. List their observations on the board in a '
place where you can keep it for the next day. The begin‘ning

of a list from a class might look like this:
- 'l‘he water made the sand move. AR

- When 1 dumped a lot of water in one spot it madé a big
hole. N

.- When I tipped the lime tray the water ran downhill
.faster.

e

- When the tray'v;ras flat the water stayed in puddies.

- When 1 put a whole lot of water on at once all the sand
’ slid off.

- N [

- The water ran iR.streams and made rivers. '

o Let the class add to the ltst until they think that just about
everything they dbserved has been noted. .

) Leave the list on the board for the next day's lesson. The
stream tables should be left undisturbed for further observa-

J tion the next day. - . ‘

)
\
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. Lessan 16: ~NATURAL EROSION - S e

« + * This les:son is developed in three stages: -

>
.

- . Ay ©
A . 1) The children relaté what they have observed in the stream °
. table activities to what they see in pictures showing, the ef—
~ - .fects of flowing water on landscapes\ . .

’ »

v . - L4 . .

{ 2) They discuss what factors - may have caused variety.m

S erosion patterns in n¥ture, drawing inferences from their ex-
s perienjces with their strearh tables. >
» .
’ 3) They consider what they can use as “a model to investigate
i some of the factors they think may have affected the erosion
- patterns. (The stream table will sgrve as their model.) .
.t I A Y - X T . )

The'i'e:re many different ways to.give children the experiences
listed above. The lesson describes one way to do this. You
should-ad)ust the suggested procedure to: suit the needs of-
o your clas$, but keep in mind that as much as possible should-
be left to thejehxldren s imagination and initiative. =
The term "erosion" should be introduced. Erosion is the wear-
s ing away of the land. In these activities we concentrate ofi
the movekent of soil by water, It is not necessary for the chil- _
” o dren to use the term, but you should introduce and use it..

;

. OBJECTIVES

< ’ At the end of this lesson the students should be able to; - b

; ' — Relate the kinds of patterns that they see on'their stream
tables to pictures that show similar patterns and effects
in natural landscapes. .

' - Identxfy some parts of an erosion system as soil. incline
v~ ~and water flow. *

- - Work with the class to plan a sui_table model of an erosion
system.that can be used to investigate factors affecting -
erosion, .

-

* ( - Develoﬁ standards with the class for care of equipment-and
. then take‘the responsibility for maintaining their equipment.-
Vs . * ’

3 3
-
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' MATERIALS o .

' — 3 or ¥ stream tables kept undisturbed from the- das before

- ksheet 28 - . L ’

£ * -~ °F - - »

' " PREPARATION : < e .

Look at the stream tables 5<e‘pt from tt.e day before. Select
three or four that show different erosion patterns. \(If none

are satisfacfery, flow water from a'cup over several to create
new effects that the children can use for observation ‘and

reference.) ' \
o C, . Set the stream tables where 1t will be convenient for the chil-
. dren to look at them. >
] » ! " B
’ PROCEDURE
\ = ~ -
< z .. Stage | N ..

* » L] .
—~ e s

The day before, the children compiled a list of the observa-
tions they made while working on the stream tables.. Have
the list read out loud now. Then have the children turn to
. ' ~ Worksheet 28 and look at the pictures. Ask,if they see things
- X in the pictures that look similar to the effects they observed
on their stream tables yesterday. Then ask them to describe
. - what differences if any, they observe between the erosjon
AN . patterns in the trays and theep1ctures

\ -

-

~ Next ask the children if they can describe the different ero-
sion effects. They might note that some gullies are shallow
N  and others have steep sides, or that some are more winding
and others are straighter. L\st the erosion effects as they,
are descr1bed (This list should be preserved You may want
‘\ to co#’y it onto a piece of tagboard, leaving space after each
. s \{tem for additional information-to be added later. ) ’

JStEge 2

i

»

I5s -
. Now\k the children to speculate about what they think could
i have cauSed the different erosion patterns in the pictures. In
order to help them cons1der cause and effect, encourage them
to describe the thmgs that they did with their stream tables

¥
- M . ‘ 1
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/ ) ' R and the results they got. Sorhe of the different natural pat- .
T ;«m +, terns in the pictures w1ll have direct relationships to the '
. v | . things that they observed on the stgeam tabies. For example,
. L ey _some ch11dren may have-left the tray flat and others may: +have
< . sloped it; they may noticé that some of $he land in the pic-
-n ? ’ .tures appears to be steeper,_too. The water flow may have-
. . . béen different — faster or slower more or less.— on the dif-
.- . ferent stream tables; théy may see. d\fferent natural effects |
o 0 ’ that m1ght also be due to different Water flow . '
- - o w
. . " List on. the board the kinds of things the ch1ldren think m1ght
i . \ S have caused the differences in erosmn effects. (Encourage \

rather than detailed speculatlons about specific pic-
I‘he list might 1nc1ude .

‘w - Water flow? (faster or slower, more or lgss). .

. . " " — Incline of ground (steep, moderate or flat).. N
R —. Kind of soil_ (sandy, ‘rocky, etc.). ~ '

— Presence or absence of ground cover (grass trees,

.. , _ shrubs). , « @ \ .

~ £y o

B (You will note that in cOmpllfhg this hst\the ch11dren are

tentatively. identifying part§ of-an erosion system, al-
4 ’ though they have net been-asked specifically to do so.) .
\ . .

Stage\3 0 - ! ‘

There rna\ be other things on the list, somé relevant and some!
’ irrelevant. Ask the children what they can do to find out which
st ' are really factors in erosion and which are not. . g

4 L T . - o,
~ ' . u'I'he chlldren may suggest studying effects of eros)lon outdoors.
. . Th1s act1v1ty should be part of a thorough exploration. It is
- Dresented later in this section as a field trip. However, at
2 this point help the children also to think of some of the prob-
.o lems involved in an outdoor investigation, They might not
be able to 1nvest1gate some of the factors listed on the board.
~ For example they wouldn't be able to decide when it is to
: 7 rain-or how hard. They might be able to find only a moderate
- N grassy sloge when they want to*check on a steep ‘sandy one,

’
5 . v !
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~ Clean-ups . N

o~

Ask if they can think of anything they might do in the class-
room to help them investigate the factors affecting erosion.
This should lead them to look for a tlassroom model in which
they can contro! the dtéferent factors. They should not have
dlfflculty in seeing that the stream table which they used for
free activity the day before, is suit4blé for controlled experi-
ments and can be used as a model of the natural system.

g . -

Have themr dlSCUSS ways in which they could expenrnent on

3, - - followmg days to test the list of things that might influence

. erosion patterns. Save ‘the list for future reference..

The children will have to pre‘pare the1r stream tables each day °
¢ to be re§dy for the® next day s experiments. Have them help
. make a list of clean-up procedures. The stream tables will
“be usable if they are still damp the next day, but not if they ,
are so,akmg\wet. ThePefore, the following should ‘be included
on the list: ‘ Lo S
. . . : .
__IL Drain off water still on the small tray.
) Emptty watér from shoe box.

% 3) Spread sana evenlyover, tray to dry.
4)\, Keep all equipment for each stream table together.
A‘ - l‘ L] * * . . v ~ ’
I 1
N ' ° / - .}v
[y “ ~ L J .
' '
- . A | .
) ) , ~
»" -
) - ﬁ . .
v
E . ‘. Tt
[3 \ \i
- .Y .
' . ' - -
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Lesson 17: EXFERIMENTING WITH INCLINE

The next four lessons will give the children opportunities to
work with erosion systems. In eacn lesson they change one
factor while xeeping the others the same, to find out how
J each affects the total system.

At the beginning of.-each day's activity the class will decide
togethér how they will do the experiments. For instance, in
this lesson they will decide that the factors to keep the same
are the kind and amount of soil, and the water fiow. Then
they will decide how they wish to change the incline for ex-
perimental purposes. Once they have established the experi-
mental procedures, they will get their own equipment and each
pdir will work independently. When they have finished the
experiment for the day, they record the results pictorially or
in writing, and then prepare their equipment for the next day’s
activities. ‘
. ”~ 4 M
Although the children decide tc follow the same procedures,
there will be some variety in their actual methods of experi-
mentation, giving variety in the results. Point out that these
R differehces do not represent failure, but show how hard it is
oo to control all fach(s in an experiment completely.
’ ;e-

The next three lessons have been designed to experiment

with three parts of an erosion system — incline, water flow

“ and soil. In Lesson 20 your class will have the chance to

test other factors that they included in their list of things
that might have caused differences in erosion effects.

-

" . OBJECTIVE
. JECTIVES
- ' - » At the end of this lesson the student should be able to: -

— State and demonsirate that incline affects erosion.

— Describe changes in erosion when the incline is varied.

Fal B - . L]
% -~

MATERIALS ‘ . ™~ X

-- for each two children -- .

— stream table equipment (shoe bux, | large tray with notch,
| small tray contaif\ing | cup of smoothedxsand, | cup with
p hole, | cup without hole, | cup of water)

— one l-oz. plastic container e
., ] 3
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— magnifiers

— Worksheets 29-34
PROCEDURE .

In Units 23 and 26 the children set up controlled experiments
in which all factors were held constant except one. They
will need to proceed similarly in these activities.

Review yesterday's lesson, in which the children established
that the stream table could be used as a model to investigate
erosion. They listed parts of the erosion system that might L
have caused differences in erosion effects, and discussed
how fo test the factors they listed. In the list they should
- ¥ have included incline, water flow and soil. ‘

. _ Tell the children that the first thing they will investigate is
how incline affects the erosion system. Ask them what things
they would have to change and what things they would have
to keep the same in order to investigate this question. List
them on the board as the children tell them to you. The-list
may be organized this way:

Things to change

— incline ; D

(Leave space here.)

5

Keep the samé

— sand . o ‘ -
(Everyone should use the same kind and about the same
amount of sand. Each sand tray has abcut a cup of
sand on it.) ’

— water .

. (Everyone should use about the same amount, no more
than two'cups. The water should be applied in the
same way: Let it flow from a hole in a cup and hold
the cup two inches above the sand.)

— stream table equipment - o
99
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After deciding which factors they will keep the same and de-
termining how this can be done, the children should discuss
ways to vary the incline. They should use at least three
settings, flat, medium and steep, and should decide how

each would be set up so that the angle of one medium incline |

has the same mag as all the other medium inclines.

Return to the tirst part of the list on the board, and under
"Things to Change" insert the experimental conditions as the
children decide what they shotld be.

™
pJ

The list might read:

Things to change-

— 1incline

A, flat '

(Have the small tray-lying flat on top of the large
one.)

B. m‘%dium
(Set the end of the small tray to rest on the edge
of the large one.)

C. high
(Put one end of the small tray on ap inverted l1-o0z.
plastic container.) '

When the ciildren have degided how the incline is to be con-
trolied they should draw pictures or write a déscription of
éach incline setting in the appropriate blanks” on Worksheet
. 29.7
Then the class should be divided into thirds. Each third is
to investigate one of the three inclines. ®
Have the children write what incline they will be working .
with in the box at the top of Worksheet 30.

Briefly read through Worksheet 30 with the children so that
they will understand what they are to do independently.

First they are to read and follow the directions on Worksheet
30. ‘

Fal




®orksheet 29 Name workshect 30 Nawe

Init 29 ¢ tnit 29,
. 1
eTt1k up an experiment to £1hd out how incline Incline B
affects the ernsion systes: N
i- Thinks 0 change Keep the Same Get your streas table set up.
i . | Check t6 see that you have evervthing:
T !W\(‘/\Hf\e, 'l\{PC OK So a. shoe box-
3 2 mount 5 watp Y b.- 1 large tray with notch
! ;4«1 small tray with smoothed sand -~
j haw"'{u,wa«‘\'Ef d. 1 cup with hole
; N 0€s ont - 1 cup without hole
{ X -1 e. -i cup-water
’ ; the hd-l-is < f. 1 l-ounce plastic container

1. Set up your atream table like this: -
felt bow cnrh incline s set:

fuchine A f‘ne J\(""-’l cLO?Sn +
tie_Mts J-la‘r‘
nctine 5 INC QAL ob te ’{'fa.q

) 15 on the ecl/ie o¥ tha btq mﬁ .
In¢line C _\\n_e CVL%V Ct‘ fh e tr ay s 5. Let one cup of mater .
ue ovl A Ilﬁle cap - ~ s gemxr:;:h;:::e. g 4

L v 1t should fall.

. After the children have done their own experiments they
should turn to Worksheets 31 through 33. Each is to draw
a plcture of his experiment and write about it on the ap-

. . propriate- worksheet. »

Then the children should go to look at experiments done at’
the two other incline settings and record what they observe.
Each student should make his own observations and record of
the other experiments. The class wil] have a chance to dis-
cuss what each has seen after everyone has completea the
assignment.

-~

When the chlldren have finished observing and comparing the
experiments, they.shculd turn to Worksheet 34 and answer ¢
the questions, using pictures or words to tell what they think

- o about the effect-of incline on erosion. They should base their
conclusions on their direct observations. Worksheet 34 should
be done by the pairs of children working together.

»

w
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Soriksheet 31 Name
nit 29

Mecord your observations:

Incline A

| 5L

The w ater vwosﬂq
'ﬁwe&- (N c;lULcLUes
MML Sovme o'F' W ran

Y

Yorksheet 32 Name

Crrit 29

Record your obgervallons:

Incline B

The w‘aTe_v ‘wade

oullies. Sowe sand

Soasnei egef’ ints the

o the end o-(- The 'h-&g bia +raq

) T J
Yorksheet 33 Name ' ;orkshcel 34 Nape
Init 29 . « tnty 29 - .

Record your observationa:

Inclkne €

The gu! ligs are 4ef.pef

han in the gthey. fraus

More sand MaSheA.
o£t oato the ‘dthec teay

-

-

Answer in pictures or words:

" 1. which incline showed the most erosion?

\\Ac\'\ng c

E

- -t

2. ¥Wn'ch Incline showed the leasi crosion?

(neline A

How dld Incline affect the erosion system?

- ' _The higher, the wneline

. _The mdre erosiown -here
was.

r T

1
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Have the stream tables set somewhere at the side of the room,

so they will not be a hindrance to the children's participating

in a discussion. Give the children opportunities to share

what they saw and tell how they think incline affects erosion.
A - - - -t = s o o

A general gbservation that the children will probably agree

upon is that when there is a greater incline, there is more

erosion — that is, more sand is moved from one place to

. another. -

After numerous children have had opportunities to share their
ide 3s, have the class follow the ‘clean-up procedures' that
they established the day before.. The same equipment will
be used in tomorrow's activities.. :

-

*

-




- Lesson 18: EXPERIMENTING WIT'H‘_WATE'R FLOW ~

In tnis lesson the children will keep the-incline and soil type ... -
constant, and will see what happens when the-water flow is.

- ) * varied.
OBJECTIVES
At the end of this ‘fééé?);i the children should be able to: ~ >/\ ,:;

— - State and demonstrate that water fldw affects erosion.

— Describe changszs in erosion when water‘fﬂow is varied.

-

MATERIALS ' g

— cafetéria tray

-~ for each two children -- o
— stream table equipment . , C o
- magrifiers

— medicine droppers (optional)

i

— Worksheets 35 through 37 - .
PROCEDURE

The question to be investigated is, "How does water flow
affect erosion?."
Ask thé éhildreq what they will neéd to keep the same and
what they will need to change-in order to test the effects of
the amount and flow of water. As in the previous lesson, list
on the board the things to be thanged and the things to be

- kept the same as the children identify them.
Since wéte‘r‘ flow is the part of the erosion system being
tested, it will be the only thing that will change.

Then have the_children decide whicn things should be kept the
same. The amount of sand is one of these things-. (They
should each have approxXimately one cup of sand.)




i

Incline is another thing they will need to keep the same.
(Have the class decide which incline would give them the
most interesting erosion patterns. They should think back to
the results of the activities they did in Lesson 17. They will
probably decide upon the medium or high slope.)

They should also comment on the necessity for.everyone to
use similar equipment. .

Then have the children suggest ways to vary the water flow.

They may suggest things similar to the following;

— Change the speed with which the water flows by making
more tha)n one hole in the cup or by making holes of differ-
ent sizes. . ®

— Usea medicine dropper instead of the cup.

— Vary the place where thev put the water — 1n one spot, or
moving around. ‘ .

— Vary the force with wh1ch the water falls by holding the
cup higher up or lower down.”
« !
Make sure that everything on the list is tried by at least one
pair of children. Each pair should select two ways to experi>
ment with water and write 'these ways in the blanks on the
bottom of Worksheet 35.

After they have é¢stablished what things are to be kept the
same and how they will vary the water flow, have the class —
write their experimental plans on Worksheet 35. Then the
children should get the materials and do their experiments

‘followmg the Anstructions on Worksheet 36, -Results should

be recorded gn Worksheet 37. <

. SN ,
When they have finished, have the childrén place their equip-
ment at the side of the room before involving them in a class
discussro;. Then list the children's comments on the board <
and give them a chance to discuss and cc mpare their results

‘with eac other. A general conclusion ‘that most of the chil-

dren will probably agree, to is that when'the water is flowed
fast and there is a lot of it, there is more erosion — more
sand i moved. But this is a good time for open-ended dis-
cussion. Don't try to tie the lesson into a neat package.
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. N Worksheet 35 Nase, . *
. tnit 29 °
Etp'cr.mnung to find out how water flgr affects
erosion: .
- ”
Things to Chanxe Keep the Same
. T Warec flow | Inclme ‘ .
v ‘n“pe o sanl
. : equpment
N &um’(‘o‘-SML )
. [
The ways you will change water flow: N
1 __dunch (ofs of- poles iwn
£ +
. .
. R The cu.‘r) , -
2. Roll Hae c,«.A.Q‘ we hig h -
. 3 .\
- - X
3
I - +*
<
»* . ’ " L4
Worksheet 36 .. Name - Yorksheet 37 Nawe i
v Intt 29 Untt 29
. - v -,
1. (=t your stream table equipment. Record Sheet :
-l
L3 tshoe box, large tray, small tray with sand, . - E
'l <up with hole, ! cup without hole, water, Method 1 for varying water flow. -
. 1-ounce container, medicine droppert _— .
- - ’ - 2=
. v }"'\}——13:‘)
2. Set up your stream table. - R -ﬂ/'_/ g
A Q
What we observed: —
3. Adjust the slope of your small tray. .
. - . - )
~ N '\_.
¥ 4. Llevel your sand. f K
Method 2 for varying water flow,
5. Run water osver the sand. .
- Lse your firat method on Worksheet I8, . ~ o
Record your results on Worksheet 37, ._,;——_’_"‘
. B What we observed: -
6 level vour sand and draln off water. \ L_‘//_\’%
~ \.\\ -
T _Run water over the sand again. How did water flow affect erosion?
e your second cholce on Worksheet 35, ¢ arhe
Recard your results on Worksheet 37 N L—O‘Ts of ho les M wo (<
N : :
] L holes ju The sang . Whew the
S )
N . cup was lmahet up the holes
. were deeper.
{
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There should be room for disagreement, Encourage the chil-
dren to refer to experimental data and to use materials to
illustrate points.

It is quite possible to get different results from similar ex~
periments when so many variables are affecting it. This is

- an important part of what the children are learning. They will
be defining experimental procedures and refining their tech-
niques as they move through the lessons,

After the discussion have them follow the usual clean-up pro-
cedures, but instead of spreading their sand in their own
trays, have them dump the sand into one large tray where it
can be spread out to dry. They should rinse off their small

L trays. (For tomorrow's activities they will be using sand,

soil and clay rather than only sand.)

- " ’ 107
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Lesson 19: EXPERIMENTING WITH DIFFERENT SOILS

L4

The children will experiment witn different kinds of soil to

see what erosion patterns they get from each. Then they will ,
combine more than one kind of sofl in ope tray and see what

happens. This lesson will take two %s

.~

.

.- ) ¢ : ' -
OBJECTIVE . L

At the end of this lesson the children should be able to
staté and demonstrate that type of soil affects erosion

patterns.
MATERIALS : ’
.~ — stream tables

~

(You will need as many stream tables as you have kmds '
of soil from the list below.)

’

— soil (garden soil, q\nd gravel, potting soil, natural
clay) ‘

2 3 R4

— modeling clay . ' : § -
- — Worksheets 38 and 39 .

w

PROCEDURE - - - ) S

. Act1v1ty A . - . ‘ y

Tell the children that the quedtion they will investigate today

is, "How does type of soil affect erosion? " So far all their.

experiments have been with one kind of soil = -sand. Ask

them what other kinds of ground surface they have seen. List

the kinds as the children tell them to you.

— different types of soil (i‘.e.v, black soil, red soil)

— clay

= stones or gravel ‘ -

- rock ' : ;
* — grass

- — asphalt

— concre‘te




. -

P A

- p
Remind the children thag they have observed some-erosion
patterns in sand. Ask how they think water flowing over e -
these other kinds of grqund would affect them. Do they think
some would be eroded? Do they think some would not be

eroded? Ask how they could find out. (They could do experi- _
ments where the kind of soil is changed but everythmg else - -

" is kept the same.)

1
Ask the children what conditions they will need to keep the
same, and hst them on the board as they tell them to you.

.

" Keep tHe same *

- slope ‘
(Use medium or high slope.) . *

— water 4
(Use any single method of apphcatlon that produced
some erosion before. )

- method : .. o
\ * (All are tT\se the same procedure,) ’ ).

~

Have the childrgqn tell you what to vary in the experimen‘f.
List them on the board. )

3
B

! Thmgs to change

— kind of soil. ) .
Ask the children to tell you how they could set up a«lefmon-
stration which would compare the erosion patterns in, different
soils: (Theycould put one kind of soil on each tray and flow
water over them.) . :

r

ERN
Sand and modPling clay are prowded in the klt. The modelihg
clay is to be used as a substitute for rock or cement in makin
landscape models on the stream table. Try to -obtain or have
‘children bring in garden soil, pbtting soil, gravel and sod. o
(Potting soil is generally much 1ighter weight than garden soil
and may float off thé tray when water is flowed over it. This -*
makes an interesting comparison for the children.) See if you
can get a sample of glay from a river bank. Be sure that the
children do not confuse this kind of soil with the modeling
» clay,, which is not a soil at all. L '

~
3
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. . Choose some children to set up one stream table for each

type of soil or substance you will be testing. Then select .
other children to flow the water over each stream table.

Do

this in a location where it is convenient for the class to

gather around.

e

(When these trays are prepared, you éhpgld
. keep in mind that it is easier ,to handle soil when it is moist:)

>

Have the children 'watch'thé experiments and,then describe

. ) soil or"substances.

on Worksheet 38.

and compare the erosion patterns in the different types of
They should record their observations

. When the children get back to their seats, have them discuss

- their observations

notice: v

.- The following are sonie things they may

. )

None of the clay washes away or is moved by the water. -

There are more and deéeper gullies in the sand than in

the soil.

v

Depending upon the fineness of the’ gravel

not be washed away.

- t

it may or may .

Y -

-Have the children follow the estadblished clean-up procedures .

< and remove the soil from the small .trays. . .
* [~ ) q
Worksheet 38 te ’ .
Unit 29 , Name ‘Worksheet 29 Name

How dose type of soll affect erosion?

"Things to Change-

1y |pe e
) Sm\gz

Ké;'p the Same
water Llow
wmaéline
matecials

"hat were the resulte?

. ‘Ml was in each atr;en table?

sand — otlin \ -
: . %(}0\3 ' sand |Barden| | Foal <
y}\o d soll %
« SSOi ¢ . . 8

Unit 29 [N

1Some possibie ‘combinations of soll types:

ravel | =

. d’ » ¥

Drax you owm combination:

Use a different color to show the erosion pattern
you expect.

© 5aV\A.' ® oeil from & . k ‘ .
\ ' : ! L '
Made qullies | 1o 4SS5 by /

! Af the tyay . ' gqarden Soil, )
@ sol —f-rovv\ the qrave | Now flow water over. the tray. .
e T‘ ‘OT ® »Show the erosion pattern you did ?t
Mmach, S sz Soud. hit of & %ul 7 ' -1 \ h:iﬁ\uf }\\:«1 qully
- AMter {—
® i @ Jusrak.a‘ faisheet] | - , ;’:::e'xi
’ < “modell X
af\ecf Oﬁ So‘.é“ LSu’(JO:e;‘l 01 IR . = ‘t So\ came
No guilies, A Hiny e_ewem) )\mhw\ ushe)l, ‘ T hgeﬂ«eﬁ
\:\lt‘ OG Mué washel |awoy. No ecosiom ’
uiha. Yydy ; . .
+ i » \
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Activity B - A e

+ < !

/ ! e Gald attention to the fact that each tray\has had just pne kind
- L v of soil oh if. *Ask the children how they think' it might affect . ~ ot
. . the erosion patterns if thege were more ‘than one kind of soil §
- ' - " - onone tray. Givesthem an opportunity to share thqir ideas. -
. Have them look.at Worksheet 39. Talk about what hey think. =
e 1. would happen if they flowed watef’ over trays that were like ’
thé drawmgs
1 . \ .
Aftcr they have given their ideas ask them if they th1nk there
R are any eondltléns in nature which mlght be similar t& these’ .
| mlxe‘gi trays rather than the trays that contain just one kind of
~soil. Ask them to tell about any Places that they hav'3e ob- = f
. L served where there are more than one kind of soil or ground
. ) cover, with ohe kind touching’ another kind,

v x

- A . .w'

s

N . . ~

.y : © "¢ They-might mention: | y

t &
N [«

q -

- _The playground, where part is soil and part grass and -
. part blacktop. AsK how,this would affect erosion
patterns, ' . Y

- - Sandy beaches,, ‘with woods behind them where the
. . gr?hnd is 5011 ' ' : .

‘ T4 A concrete path qomg through a grassy area. ) )

. v
& I " Ask what the chlldren{}mlght use on, their étream tables instead
* of cement qr blacktop. (Modeling clay.) Then tell the chil-
- " ndren that they are’ gomg to be able to experiment with different* .-;
' xinds of materials on one tray. Ask them what th1ngs they e e
] will keep the same and list them on'the board. \

R . > . .
'3~ ¥ ’o 4 ”

. Keep the same .
- slope .
, ) " (Medlum or high. )
F - LIS
) . water “ - * \

(Method of apphcatxon should be the one they found . * R
‘ most effective in Lesson 18 when they experlmented
;. ~ . . with effects of different water flow. ) . .
Have them look 1t some possible combinations of soil ‘types ' f
. on Worksheet 39 and then design the1r own with their partners .

x ~ *
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When they decide what they will do they should draw a pic-
.. ture of it on Worksheet 39, gather the materials they need,
and set up a stream table. Then they should predict what the
erosion patterns will be. Have them use pencil or crayon in
another color to draw on Worksheet 39 what théy think the
tray will look like after they have flowed water over it. Ask
. them to think about the following' questions:

" WHERE WILL THE DEEPEST GULLIES BE? -

. . WHAT DO YOU THINK WILL HAPPEN WHERE TWO KINDS
: . OF §OIL TOUCH EACH. OTHER?

After preparing their setups and making the drawings of their
- predictions, give the children an opportunity to look at every-

) . " one else's setups by walking quietly around the rcom to see
“rt . whiat the othér trays look like,

N

Then have them return to their own setups and flow the water
- over the trays, .using,the method they have agreed upon. ,

They shouldTecord the results on Works heet 39 by drawmg
- an “after .picture,

-
- * - b

’ Hav; the ch11dren place the stream tables in a place where
the class can walk past them and observe what happened to
d each

- . N
-

«
» LI -

‘“Then have therh dlSCUSS their observat1ons. List them onr the -
board. .- . - .

“ . .
They might mention some’ of the following things:

—.'None of the clay washed away. SN : €

- Theré\as a big qully" betvv°en the clay and the sand’ :

— There are more gulhes m the sand than there are in.
. the soil. . . - -,

-~ i
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Aruitoxt provided by Eic:

“

Al

Have them talk about their predictions and what the outcomes
of the experiments were. Ask them what predictions they
would make for another time if they were to repeat the experi-
ments. ’ : )

After this discussion have the éhildren follow the established
clean-up procedures and return each kind of soil to its appro-
priate place.

113
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. ‘Lesson 20: (Optional) TESTING OTHER FACTORS

- When the children first stated what factors they thought af-
fected erosion, _they may have included other parts in their
system that-they have hot had an opportunity to test. This
lesson offers an opportunity for the children to set up any

" other xinds of experiments that they would like, in order to
find ¢ * if other things should be considered part of the ero~
sion system. . a

s

If only a few children are interested in pursuing these activi- :
"~ ~ ties, an opportunity should be made for them to do so.

MATERIALS

— stream table equipment :

— Worksheets 40 and 41
PROCEDURE' .

The procedure here follows the pattern of previous lessons.
.» The children will need to write down on Worksheet 40 what -
they will keep.the same and what they will vary, and how

these conditions will be controlled. .-

' Then they may proceed with their.experiments and record the
. results pictorially or in writing on Worksheet 41,
* ¥

Some children may want to experiment with things they have -
observed in the natural erosion system that haven't been a
part of their model. These might include:

1 - . )’ . -~
-

-~ trees )
-~ grass covering part of the land ' -

— other kinds of soil that were not available at school
and that they would like to bring in

. =— temperature

— amount of sunlight

12 v
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Sorksheet 40 Name x worhsheefl 41 Name
tnit 29 tnit 29
J » ~ 3
- . i Record Sheet
Experiment 1o test the effect of towcpefatuce
on erosion.

Draw a picture of what your setup looks like.

Things to Chanse

Keep the Same 5 e .

+empe(‘a4'uf: 1 %Pe o> Sui ot ' ?—/

or the wafer meline e /\/
C waTerfw | . -

’ .
H

Flow *ater over your setup and record the resulta.

vaterials you wiil need: Q\’KS*CQM tablesS

_ et _warev ’

¢ |
] oll E\
. eofll water N ki s_/F\,\.} '
Describe what you will do: FI"S" | w\l”

‘?‘ix Two S Tredua 4ables Hie
- 52me . WAy . Thcn \wu\l uwvt Wot

What did you leamn from your experiment? .
The au| (lies hal differtnt shapes b.m
'+heq 'were aloout The same d.eqmgs

water on_one and aoll _waker

) llaud* ﬂnmk it Mak@s a &ff!(CnQ
ov the othe¢ it the water s hot'q)( cold.

e

By
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Lesson 21: - FIELD TRIP

¥ Y
x .

-

This lesson relates what the children have observed on their
stream table models to erosion phenomena in a natural set-
ting. The field trip sheuld be taken quite soon after a rain.

S

The children identify the factors that have influenced erosion
on their stream tables and then discuss where similar condi-
tions might be present near their schooi. Phen they go out~
side to find resu'ts of erosion and observe and discuss them. s

. It is hoped that this lesson will help the child to relate his

_ in-school experiences.to the world around him, and that there

< ) will be a transfer of his thinking and understa*\dmg from the

) classroom to this larger context. ‘ -

» ) <

OBJECTIVES

At the end of this lesson, the children should be able:

— To identify some effects of erosion outside.

—_ To identify that slope soil type and water flow affect ero-
) sion patterns in a natural setting as well as on their stream
" K tables. | .

— To discuss the implieations of erosion for the ways that
man interacts with the land. -

MATERIALS . ' ..

>y
— popsicle sticks and bright yarn {to mark places where -

therc is evidence of erosion)
PREPARATION

Before you take your class on the field trip it is necessary for
you to scout the area carefully. This will enable you to help
the children set realistic expectations about what they might
possibly find when they go out. You may want to mark places
along a trail ahead of time, and then take the children along
that trail to make observations of each of the erosion features
you have marked. Or you may want to have the children fan
out in pairs to mark their own discoveries of erosion features.
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»
It is often appropriate to combine these two approaches, so

that there are some things ready for children who have diffi- i
culty finding what they came out to see,

Your immediate community is bound to provide many examples
_of erosion. (See Living Things in Field and Classroom, p. 112,
for a number of examples of erosion in an urban environment.
Other eramples were shown in this unit on Worksheet 28.)
: . Look tor eroded banks on freeways, excavation sites or poorly-

kept lawns. Check under a downspout for effects of heavy

- ’ -~ water flow.. Look along edges of broken sidewalk to'see if
soil under it has washed away. In a sandy area, look for
puddles and splash patterns after a rain. Note the absence
of erosion in grassy areas and on asphalt or concrete.

Tell the children that in the beginning of this section when
we talked about ways to observe erosion, and when we set
up a model of an erosion system that we could control, we had
talked about going outdoors to study erosion, But we decided
. that it woulld be difficult to control some of the factors that

- we wanted to study, so we experimented with a model first.
Now that we have had opportunities to work with some of
these factors , what kinds of things could we look for if we
did go outside?

" — Puddles.
— Gullies.

— Piles of soil or sand that have been carried from one o
place to another by water. - .

— Places where there is no erosion. (What are the condi-
tions where there isn't any apparent erosion? What is

. protecting‘the soil from being washed away?)
Many of the ¢ffects to be found after a rain will be on a very
small scale. Efosion’'is a gradual wearing-away process.
The children should notice that it doesn't happen all at once,
and they should be told that it may take many years to produce
dramatic results.
Before going out, ask the chlldren, "When we worked w1th
the model erosion system, what did we decide affected ero-
sion? " They should recall:

17
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{
— Inctine. (There should be more erosion where it's .
" steeper.) _ /s

— “Kind of soil.. {Some ernded much more easiiy than
others.) ‘

»

— Flow of water. (A faster flow washes away more séil.)

The children's discussion should bring out that other things-
besides incline, soil and water flow might influence erosion.

I

~ Ground cover is one of these other factors. (Grass,
. trees, bushes all help to hold the scil.) a

— Other forces besides water may move soil. (The chil-.
dren.may see evidence of erosion by-wind.) .

Ask the children to describe some of the places near the
school where they would have at least one of the conditions
named above.

As-the children suggest places that they would like to look at
in the school yard and neighborhood, list them on the board.

Each child should know exactly what he is going to Igpk for

: | when-he goes outside. Children need to understand ge ex-
pectations. They can work in pairs as they have done through-
out the unit. Give each pair of children some markers that
they can use to show where they have found evidence of ero- , -
sion. . (These could be popsicle sticks with pieces of bright
yarn on'them to stick into the ground near what they think is
an effect of erosion.) If the COl’ldlthl’lS permit, the children
could spread out, find what they are looking for and leave
markers. Then when you blow a whistle they should gather

. in one spot from which the whole class will walk from place

to place to see what the others have found.

If you have marked places along a trail ahead of time, take
the children along the same trail to make observations about
each of the erosion features that you have marked.

After making observations outdoors, it fs probably best to
return to the classroom where the whole class will be able to
hear and participate in a brief discussion. The purpose of
this discussion is to allow the children to share their obser-
vations and think about erosion in general and man's role in
it. You might open the discussion by asking the children to:
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- }Tell the class about what erosion effects they obserVed

— Relate what they saw t. what they have observed on

their stream tables.
-4

- Tell where they saw the most erosion and the least ero-
sion. (For each, ask what their evidence was.)

— Tell where they saw specifically how incline , soil type,
or water flow affected erosion.

Tl{e following questions should be useful in extending the
discussion and helping the children make generalizations:
— DO YOU THINK THAT EROSION IS USEFUL.-OR HARMFUL
TO MAN?

— ARE THERE WAYS THAT MAN CAUSES THE LAND TO
ERODE A GREAT DEAL?

— WHAT DO.-YOU SUPPOSE THE FARMER HAS TO WATCH
~ OUT FOR"

A

-— ARE THERE ANY WA\}S THAT EROSION CAN BE PREVENTED?

— WHAT BAPPENS TO SOIL THAT IS WASHED AWAY IN
EROSION? '

— WHAT QUESTIONS WOULD YQU LIKE TO ASK ABOUT
EROSION?

Some chlldren may want to investigate questions similar to
the above by looking in books and.magazines or by making
special reports. They may wish to investigate man's effects
upon land and how this relates te erosicn. This provides an
opportunity to integrate science and sdcial studles The next
lesson.putlines some experiments that follow up on the socio-
logical questions raised.

Tell the children that they will have another chance later to
experiment in the classroom with some of the ideas they have
discussed.
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\&ssop 22:  MAN AND EROSION ‘ '

'

OBJECTIVES

In this lesson the children discuss factors that foster erosion
and factors that prevent erosion. They look at pictures show-
ing techniques that have been used to control erosion,

Then they build a-model landscape-in which they try to make
areas where erosion will occur and areas where erosion will
not occur. They predict what the.erosion patterns will be by
drawing a picture of the model .landscape showing the paths
that they think flowing water will take and where soil will be
washed away. Then they flow water ovér it to test their pre-
dictions.

You may-organize the activities in different ways. The entige
class may plan one model landscape together or you may haye
three or four groups in the class each make a model landscape,

or each pair of children may make one. -

The interest of the élass . the a\‘{ailabihty of mdterials and the
ways in which your children work most effectively will influence
your decision. g

1

During the lesson the children should:

— Demonstrate that they understand enough about erosion to ‘
consider the factors which affect it.

—~ Set up a model controlling those factors, so that erosion
will be present in part of the landscape and not present in
:bart of it.

— Discuss which factors in natural erosion can be controlled,
and how man might, effectively deal with incline, direction
of water flow, kind of soil, and presence of ground cover.

- .‘ 3 - < . 3
— Discuss examples of erosion in their own community,

MATERIALS

Some of these can be broﬁght by the children:

- sand . \

~ garden soil

—

-~




—\.c\lay ‘ . ,

— ‘sod

. ‘ \
— seed (radish, grass) ) R ~
— small twigs ’

— gravel

— rocks”

— stream table equipment

— cafeteria trays or lar'g’e cake pans
. — Worksheets 42 and 43 i ' h

PROCEDURE
- ? . .
Activity A - ,

Have the children look at the pictures on Worksheet 42 that

show techniques that have been used to control erosion {con-

tour plowing to control water flow; terracing to’control incline;
: - damming to control water flow; planting to hold the soil.) Ask’
gr'. if any of these techniques could have been useful to prevent
the erosion that they saw on their field trip.

e N Al

How Man Prevents Erosion

Onteur 'ldlu N

Faming on Terreces
y

Planting on & Slepe

~
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. ¢ -
Tell the children that now they are going to apply the many
different kinds of experiences they had as they learned about
erosion. THey are going to build some model landscapes in
which they will make areds that they want to erode and areas.
shat they don}t want to erode. Théy know many things about
erosion which will influence the dec?ons they make aboug'
how each of these areas should be set up. -

- » 4 M .
In areas i}k\uefe the children‘do not want erosion to occur they
can control it“ in many ways and should discuss what some of
these ways 'aie before tney proceed. .

Their list fnay‘i include:
J

|

— gelection of soil )
— incline ' , ’ ~ .
— planting ground cover

— sod

X kY
The children will think of many ingenious ways to set up their
landscapes and use materidls in interesting and appropriate
ways. . ’

.

" Once the activity has been introduced to the children.you can
"ask them to bring materials from home that they would like to

use. Some children may volunteer to bring a supply of mate-
ritls that will be sufficient for the number of landscapes that
the class has decided to make. N

If the children decide that they want growing things on their
landscapes they will need to wait to_test the landscapesfor
erosion patterns until the seeds have sprouted. . Radish seeds
germinatée in about three days; grass seédd germinate in seven
to ten days.) Then they can test their predictions by flowing
water over the landscape.

Have them plan and get up their landscapes. They will find
it much easier if they work with moistened sand and water,
and.plant seeds at the same time. Otherwise "watering" the
dry sand, soil, etc. will cause some destruction of their ‘
setup right away. ’

The landscape planted with seeds must be kept moist and
covered lightly with plastic until the seeds have germinated
well, . -
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®orksheet 43 . Name &
Unte 29 .

. Activity B - ) k
Draw your sodel landscape. ]

Show where you think the water w111 flow. Beforé the children flow water

) over their landscapes, they,’
Oc‘,(w& . " . should draw pictures of them -
< A Lo .on Worksheet 43 and show
P . - where they think the water
oI (({(( l( 908 will' run and form gullies,
(K (H( ([{{ ((” aa;oa They may'wrlte predlctlons
40ass 60€L1rowm;, . under the p1ctures Then they
N should flow water over the i
V' Shom e happened after you ran water over your . landscape and draw an "after"
: ; picture to show what happened,
\;\ (If they have planted seeds for’
- grouna cover, they must wait
N untii'the seeds sprout,)
e .
- After the children have com-
pleted the activity, they
i should look at all the land-
scapes, make observations -«
e . _ and discuss them, .
You may want to use some of these questlons to gui& the
discussion: . )
P & Yene K hd .
) — WHAT KINDS OF THINGS WORKED BEST IN CONTRO}.LING
’ EROSION IN YOUR LANDSGAPE? ¥ 3 -
) “ . : ’
— WHICH THINGS WbRKED DIFFERENTLY FROM HOW YOU
“ ' THOUGHT THEY WOULD OR MADE DIFFERENT PATTERNS
THAN YOUEXPECTED? b . A
H N 3
" — WERE THERE PIACES WHERE THERE WASN'T ANY EROSION
EVEN THOUGH YOU HAD PLANNED FOR SOME? WHY DO
YOU THINK THAT IT DIDN'T ERODE AS 'YOU HAD EX—
PECTED"
= TELL WHAT YOU DID AND WHAT THE RESULTS WERE. - d
/
Return to the subject introduced at the end of the last lesson
p and continue the discussion of how man interacts with nature.

Encourage thé children to continue independent reading and
observation on erosién control. The children cghld look for
effects of erosion in the community and dtscuss what the .
community is doing about them,’ /

¢
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